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Executive  Summary 


In  October,  1982  a sour  gas  well  being  drilled 
near  Lodgepole,  Alberta  blew  out  of  control.  For 
the  next  67  days  specialists  fought  to  regain 
control  of  the  well.  As  a result  of  this  event  and 
high  public  concern  over  the  health  risks 
associated  with  exposure  to  sour  gas,  the  Energy 
Resources  Conservation  Board  conducted  an 
extensive  inquiry  into  what  happened,  why  it 
happened  and  how  it  might  be  avoided  in  the 
future. 

One  of  the  recommendations  arising  from  the 
Lodgepole  Inquiry  was  the  need  for  stricter 
exposure  standards  for  those  persons  judged  to  be 
more  susceptible  to  hydrogen  sulphide  (H2S).  As  a 
result,  a recommendation  was  forwarded  to  the 
then  existing  Provincial  Board  of  Health  for 
further  consideration  of  this  particular  issue.  In 
1985  a committee  was  formed  within  Alberta 
Social  Services  and  Community  Health  (SSCH)  to 
complete  this  task.  There  was  no  industry 
representation  on  this  committee. 

In  1986,  as  a result  of  industry  concerns,  a 
new  Ad  Hoc  Committee  on  H2S  with 
representatives  from  industry  was  struck  to 
review  the  evacuation  levels  previously  proposed 
by  SSCH  and  the  scientific  rationale  for  each. 

The  specific  terms  of  reference  for  the 
committee  were: 

1.  To  assess  the  scientific  evidence  for  low  level 
acute,  subacute  and  chronic  effects  of  H2S  on 
humans  in  the  range  0 to  100  ppm,  and 
especially  the  0 to  20  ppm  range. 

2.  To  clarify  the  issue  of  the  effects  of  low  levels 
of  H2S  on  sensitive  individuals. 

The  committee  was  asked  to  submit  its  final 
report  to  Alberta  Community  and  Occupational 
Health,  who  would  use  it  to  develop  evacuation 
guidelines  for  Albertans  during  uncontrolled 
sour  gas  releases. 

The  committee  undertook  an  extensive 
literature  review  and,  where  possible,  obtained 
original  articles,  abstracts  and  review  papers. 
Definitive  data  from  well-designed  studies  were 
weighed  against  more  anecdotal  observations  in 
the  search  for  good  end  points  from  which 
conclusions  could  be  drawn.  The  review  included 
a comparison  of  animal  research  data,  human 
experimental  data  and  human  epidemiological 
studies. 

In  conducting  its  critical  assessment,  the 
committee  relied  heavily  on  its  collective  techni- 
cal knowledge  of  the  health  effects  of  H2S,  as  well 
as  its  professional  judgment  in  areas  where  the 


scientific  literature  was  not  as  strong  as  would  be 
preferred. 

As  the  committee  initiated  its  review,  it 
became  increasingly  clear  that  scientific 
terminology  and  concepts  varied  considerably 
from  one  discipline  to  another.  In  an  attempt  to 
minimize  confusion  for  the  reader  yet  to 
maintain  scientific  integrity  in  the  discussion  of 
various  terms  and  concepts,  the  committee  felt  it 
worthwhile  to  provide  some  basic  background. 
This  is  presented  in  Section  II. 

Based  on  the  analysis  of  the  scientific 
literature,  it  seems  clear  that  some  individuals 
may  be  more  susceptible  to  the  effect  of  H2S  than 
others.  Other  factors  besides  dose  and  duration  of 
exposure  may  in  part  account  for 
hypersusceptibility  of  a small  proportion  of  the 
population  to  H2S  at  low  levels  of  exposure  at  any 
given  time.  These  include: 

a.  mixed  exposure  with  other  chemicals  at 
the  same  time  (e.g.  CS2,  CO,  CO2,  SO2,  O3, 
NOx,  NH3,  mercaptans  or  particulates) 
and/or  recent  exposure  to  chemicals  in 
other  settings  (e.g.  home,  garden,  work). 

b.  pre-exposure  to  medications,  alcohol 
and/or  other  drugs. 

c.  pre-existing  and/or  current  diseases, 
physiological  conditions  (e.g.  nutri- 
tional/hormonal status),  psychological 
status,  and  cardiovascular  impairment. 

While  the  committee  recognizes  that  the 
following  do  not  represent  all  possible  situations 
where  hypersusceptibility  may  exist,  categories  of 
individuals  who  may  be  expected  to  show 
increased  susceptibility  to  H2S  exposure  include: 

a.  individuals  with  eye  or  respiratory  tract 
problems  — local  irritant  effects  of  H2S 
could  aggravate  pre-existing  conditions 
(e.g.  conjunctivitis,  eye  infection, 
tuberculosis,  viral  pneumonia,  asthma, 
emphysema,  bronchitis). 

b.  individuals  with  severe  anemia  — cer- 
tain data  indicate  that  detoxification  of 
H2S  requires  the  presence  of  adequate 
levels  of  oxygen  in  the  blood. 

c.  individuals  with  lowered  resistance  to 
bacterial  infections  (e.g.  immunosup- 
pressed  patients). 

The  committee  concludes  the  following  from 
its  review: 

1.  H2S  by  itself  is  a broad  spectrum  toxicant  that 

can  elicit  numerous  psychological  and 


IV 


biological  responses  in  the  0 to  20  ppm  range 
with  which  this  review  was  concerned.  As 
with  any  chemical  all  organ  systems  respond 
variably  to  different  levels  of  H2S  with  no 
given  level  affecting  all  systems  equally  at 
the  same  time  or  rate. 

2.  In  general,  single  or  repeated  exposures  of 
“normal,  healthy  adults”  to  H2S  in  the  0 to 
5 ppm  range  have  not  resulted  in  clinically- 
detectable  irreversible  biological  or  psycho- 
logical effects.  Whether  this  is  true  for 
hypersusceptible  individuals  is  not  currently 
known.  This  areas  needs  further  research. 

3.  Although  reversible  adverse  effects  may  re- 
sult in  temporary  discomfort  or  changes  in 
organ  function,  they  have  not  been  found  to 
have  a lasting  impact  to  date. 

4.  There  are  certain  factors  that  may  increase 
susceptibility  of  humans  to  H2S  for  which  the 
scientific  evidence  is  not  strong.  These 
include  the  use  of  alcohol  (Poda,  1966;  Beck 
and  Donini,  1979);  age,  as  in  the  case  of  the 
very  young,  the  elderly  or  infirmed;  and  pre- 
existing cardiovascular  disease  (USPHS 
1964). 

5.  There  remains  a lack  of  good  scientific  data 
about  the  long-term,  low  level  chronic  effects 
on  community  populations  and  on  the  work 
force  in  sour  gas  operations. 


NOTE: 

During  the  preparation  of  this  report  the  depart- 
ment has  gone  through  various  name  changes  — 
from  Social  Services  and  Community  Health,  to 
Community  and  Occupational  Health,  and  in 
September,  1988,  Alberta  Health  was  established. 
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Background 

In  October,  1982,  a sour  gas  well  being  drilled 
near  Lodgepole,  Alberta,  blew  out  of  control.  For 
the  next  sixty-seven  days  specialists  fought  to 
regain  control  over  the  well.  During  this  period 
two  specialists  lost  their  lives  and  numerous  peo- 
ple residing  near  and  far  removed  from  the 
blowout  site  complained  of  health  effects  and 
feared  for  their  safety. 

Public  concern  was  intensified  by  heavy 
media  coverage,  unresolved  health  concerns  in 
southwest  Alberta  where  two  major  sour  gas 
facilities  were  operating,  and  memories  of  a 
similar  incident  in  1977  in  the  same  area.  As  a 
result  of  this,  a full  public  inquiry  was  announced 
in  January,  1983,  to  examine  in  detail  what 
happened,  why  it  happened,  and  how  it  might  be 
avoided  in  the  future. 

Of  particular  interest  to  the  inquiry  panel, 
headed  by  the  Energy  Resources  Conservation 
Board  (ERCB),  were  two  health-related  questions: 

1.  Are  sour  gas  emissions  a hazard  to  human 
health? 

2.  Are  the  responses  to  the  emergency  following 
the  blowout  adequate  to  minimize  the  effect  on 
human  health? 

The  answers  to  these  questions  were 
particularly  important  in  assessing  government 
and  industry  response  to  the  blowout,  especially 
public  safety  measures  that  were  instituted.  It  is 
here  where  evacuation  standards  played  a major 
role. 

Given  the  public  concern  over  the  known 
toxicity  of  H2S,  the  major  toxic  component  of  sour 
gas,  a decision  was  made  by  Government  public 
health  authorities  during  the  blowout  period  to  use 
evacuation  standards  derived  from  the  Alberta 
occupational  exposure  limit  (OEL)  of  10  ppm  for  8 
hours.  This  created  considerable  confusion  in  the 
minds  of  the  public  over  what  limits  were  in  effect 
and  how  these  had  been  established  since  the 
evacuation  limits  were  not  the  same  as  the  OEL. 
The  inquiry  panel  concluded  that  the  following 
limits  were  in  place  during  the  blowout: 

1.  Residents  to  consider  evacuation  if  H2S  con- 
centrations become  5 ppm  for  6 hours  or 
10  ppm  for  1 hour. 

2.  Residents  urged  to  evacuate  at  15  ppm  if  an 
increasing  trend  exists. 

3.  Mandatory  evacuation  of  all  residents  at 
20  ppm  for  any  period  of  time. 

However,  considerable  confusion  and  uncer- 
tainty also  existed  over  the  evacuation  standard 


being  used  for  so-called  “sensitive  individuals.” 
Although  evidence  presented  to  the  inquiry 
implied  that  5 ppm  for  6 hours  or  10  ppm  for  1 hour 
was  also  intended  to  protect  “sensitives,”  mem- 
bers of  the  public  criticized  the  government  agen- 
cies for  not  clarifying  how  this  standard  had  been 
developed  and  what  groups  in  the  population  were 
considered  sensitive. 

To  address  these  concerns,  Alberta  Social 
Services  and  Community  Health  formed  a 
committee  in  1985  to  review  existing  guidelines 
for  action  for  sour  gas,  the  literature  supporting 
these  guidelines,  and  the  range  of  health  in  the 
normal  population.  No  industry  input  was 
involved.  The  committee  concluded  the 
following: 

1.  The  standards  should  focus  on  short  term 

health  effects. 


2.  There  should  be  two  basic  standards: 


3. 


4. 


a.  >1  ppm  for  sensitive  individuals 


b.  >20  ppm  for  mandatory  evacuation 
Standard  sub-levels  should  be  incorporated  so 
that  individuals  would  be  advised  of  what  is 
happening  between  1 to  20  ppm.  For  example: 


1.0  ppm  = 


5.0  ppm  = 


10.0  ppm  = 

15.0  ppm  = 

20.0  ppm  = 


voluntary  evacuation  for 
sensitive  individuals  with  pre- 
existing health  problems  (who 
experience  problems) 
voluntary  evacuation  for  in- 
dividuals without  pre-existing 
health  problems  (who  are 
experiencing  increasing 
difficulty) 

occupational  exposure  limit 
levels  beginning  to  critically 
approach  20.0  ppm 
urgent  mandatory  evacuation 


Sensitive  individuals  include  pregnant 
women,  children  — especially  pre-schoolers, 
patients  being  treated  with  immune  suppres- 
sants, as  well  as  people  with  pre-existing 
health  problems  such  as: 


a.  chronic  respiratory  disorders  (e.g.  bron- 
chial asthma,  bronchitis,  emphysema) 

b.  acute  respiratory  infections 

c.  chronic  cardiac  failure 


d.  hepatic  disease 

e.  neurological  problems 

f . eye  problems 
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These  conclusions  and  criteria  were 
incorporated  into  the  Government  of  Alberta’s 
Emergency  Response  Plan  for  a Sour  Gas  Release 
(Alberta  Public  Safety  Services,  1986),  and  the 
ERCB’s  Evacuation  and  Ignition  Policy.  The 
latter  have  been  used  as  standards  in  delineating 
emergency  planning  zones  by  companies 
making  application  to  the  ERCB  to  drill  sour  gas 
wells. 

These  guidelines  created  concern  within  the 
oil  and  gas  industry  which  was  not  convinced  of 
the  scientific  validity  of  the  evacuation  levels.  As 
a result  of  this  concern,  and  two  meetings  held 
between  ERCB,  Government,  and  Canadian 
Petroleum  Association  (CPA)  representatives  in 
1986,  a new  Ad  Hoc  Committee  on  H2S  was  struck 
to  review  the  specific  evacuation  levels  and  the 
scientific  rationale  for  each. 


Terms  of  Reference 

The  specific  terms  of  reference  for  the 
committee  were: 

1.  To  assess  the  scientific  evidence  for  low  level 
acute,  subchronic  and  chronic  effects  of  H2S 
on  humans  in  the  range  0 to  100  ppm,  and 
especially  the  0 to  20  ppm  range. 

2.  To  clarify  the  issue  of  the  effects  of  low  levels 
of  H2S  on  sensitive  individuals.  The  com- 
mittee was  asked  to  submit  its  final  report  to 
Alberta  Community  and  Occupational 
Health,  who  would  use  it  to  develop  evacuation 
guidelines  for  Albertans  during  uncontrolled 
sour  gas  releases. 

The  members  of  the  committee  were: 

Dr.  David  Chisholm,  Past  Chairman, 

Health  Committee,  Canadian  Petroleum 
Association 

Mr.  Geoff  Granville,  Manager  of  Toxicology 
and  Material  Safety,  Shell  Canada  Ltd. 

Dr.  Don  Johnston,  Medical 
Consultant,University  of  Calgary 
Dr.  Bob  Rogers,  President,  Toxcon 
Consulting  Ltd. 

Mr.  Ed  Collom,  Assistant  Director, 

Environmental  Health  Services,  Alberta 
Health  (ex  officio) 

The  committee  undertook  an  extensive 
literature  review  and,  where  possible,  obtained 
original  articles,  abstracts  and  review  papers. 
Definitive  data  from  well-designed  studies  were 
weighed  against  more  anecdotal  observations  in 
the  search  for  good  end  points  from  which 
conclusions  could  be  drawn.  The  review  included 
a comparison  of  animal  research  data,  human 
experimental  data  and  human  epidemiological 
studies. 

In  conducting  its  critical  assessment,  the 
committee  relied  heavily  on  its  collective  techni- 
cal knowledge  of  the  health  effects  of  H2S,  as  well 
as  its  professional  judgment  in  areas  where  the 
scientific  literature  was  not  as  strong  as  would  be 
preferred. 
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I.  Introduction 


Hydrogen  sulphide  (H2S)  at  high  concentra- 
tions (>700  ppm)  is  extremely  toxic  to  animals 
and  humans,  causing  death  in  minutes  to  hours 
(Haggard,  1925;  Yant  and  Fowler,  1926;  Evans, 
1967).  By  contrast,  at  concentrations  that  have 
been  encountered  by  the  public  (<50  ppm),  H2S 
may  cause  adverse  effects  in  humans  but  these 
have  generally  been  reversible  and  not  lethal 
(Mitchell  and  Davenport,  1924). 

Concern  has  been  raised  about  the  potential  for 
adverse  health  effects  on  the  public  as  a result  of 
exposure  to  H2S,  the  predominant  sulphur  com- 
pound in  sour  gas.  There  have  been  many  in- 
stances of  uncontrolled  sour  gas  releases,  as  well 
as  controlled  flarings,  in  Alberta  since  the 
development  of  the  oil  and  gas  industry,  but 
concerns  peaked  during  the  Lodgepole  blowout  in 
1982.  As  a result  of  this,  several  provincial 
government  agencies  and  the  petroleum  industry 
have  been  developing  emergency  procedures  to 
reduce  future  risks  to  the  health  of  Albertans 
exposed  to  sour  gas. 

Sour  gas  includes  a mixture  of  organic  and 
inorganic  compounds  other  than  H2S,  and  this 
mixture  may  make  certain  members  of  the  public 
more  susceptible  to  the  effects  of  H2S,  even  though 
the  compounds  may  be  present  in  smaller  con- 
centrations than  H2S.  The  committee  recognizes 
that  any  assessment  of  health  risks  to  the  public 
must  take  the  effects  of  such  mixtures  into 
consideration. 

Numerous  factors  have  been  reported  to 
influence  the  severity  of  the  effects  of  H2S  on 
humans,  including  health  status,  gender,  age, 
individual  susceptibility,  interactions  with  other 
chemicals  (e.g.  drugs,  alcohol,  smoking), 
exercise  level,  nutrition,  et  cetera  (NRCC,  1981; 
NIOSH,  1977;  NRC,  1979),  and  frequency  of 
exposure,  exposure  duration,  and  ambient  H2S 
levels  (Stolpe  et  al,  1976;  Melnichenko,  1968; 
Ahlborg,  1951). 
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II.  Scientific  Issues 
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Because  certain  scientific  terms  have  differ- 
ent meanings  for  various  disciplines,  and  in 
order  to  allow  for  consistency  in  interpreting  the 
literature,  drawing  conclusions  and  making 
recommendations,  such  terms  have  been  defined 
for  the  purposes  of  this  report. 

In  addition,  there  are  several  principles  or 
scientific  issues  with  which  the  reader  should  be 
familiar  so  that  the  committee’s  approach  to  this 
task  and  our  conclusions  are  clearly  understood. 

A.  Sour  Gas 

Sour  gas  refers  to  the  raw  natural  gas  mixture 
that  is  drawn  directly  from  a geologic  formation 
and  is  contaminated  with  various  sulphur  com- 
pounds including  H2S,  mercaptans,  carbon 
disulphide,  dimethyl  sulphide,  et  cetera  (NRCC, 
1981;  NRC,  1979).  In  Alberta,  H2S  is  the  predomi- 
nant sulphur  contaminant  of  sour  gas.  Depend- 
ing upon  the  particular  geologic  formation,  the 
proportion  of  H2S  may  range  from  as  little  as  <1 
percent  to  over  90  percent^.  Generally  speaking, 
the  other  sulphur  contaminants  are  present  at 
concentrations  at  least  one  hundred  times  lower 
than  H2S,  although  it  should  be  noted  that  only 
limited  analyses  of  sour  gas  from  various  wells 
have  been  published. 

The  composition  of  a released  plume  of  sour 
gas  will  change  with  time,  due  to  the  effects  of 
atmospheric  processes  such  as  photo-oxidation, 
chemical  decomposition,  or  reaction  with  other 
atmospheric  gases  (e.g.  ozone,  oxygen,  nitrogen 
dioxide).  The  gas  remains  resident  in  the 
atmosphere  from  about  1 day  to  40  days,  depending 
on  the  season  (i.e.  temperature),  latitude  and 
atmospheric  conditions.  The  primary  chemical 
transformation  of  H2S  in  the  atmosphere  is 
oxidation  by  oxygen-containing  radicals  to  sul- 
phur dioxide  (SO2)  and  sulphates.  These  reactions 
have  been  reviewed  by  Andersson  et  al  (1974). 
Carbon  disulphide,  on  the  other  hand,  is  most 
likely  converted  to  its  oxidized  form,  carbonyl 
sulphide  (COS),  in  a similar  fashion. 

Although  H2S  is  the  predominant  sulphur 
contaminant  in  sour  gas,  the  minor  sulphur 
contaminants  may  act  with  H2S  to  increase  the 
severity  of  biological  response  to  H2S.  The  sever- 


ity of  a response  to  sour  gas  would  ultimately  be 
determined  by  the  toxicity  of  each  contaminant 
and  not  just  the  quantity.  For  example,  certain 
compounds  (e.g.  cyanide)  are  extremely  toxic  in 
minute  quantities.  Thus,  quantity  must  not  be  the 
overriding  factor  when  considering  the  potential 
toxicity  of  a mixture. 

B.  Health 

As  indicated  previously,  one  of  the  main 
concerns  of  not  only  the  public  but  also  the  ERCB 
in  its  inquiry  was  the  question  of  the  effects  of 
sour  gas  on  human  health.  But  the  term  ‘Tiealth” 
can  be  defined  many  ways,  from  purely  physio- 
logical effects  to  psychological  ones,  so  it  is 
important  to  define  the  term  ‘Tiealth”  before  start- 
ing to  discuss  health  effects. 

The  committee  felt  that  the  World  Health 
Organization’s  (1946)  definition  of  health  is  the 
most  appropriate  for  the  purposes  of  this  report: 

“Health  is  a state  of  complete  physical, 
mental  and  social  well-being,  not  merely 
the  absence  of  disease  or  infirmity.” 

Obviously,  if  evacuation  limits  were  devel- 
oped using  this  definition  in  its  strictest  sense, 
then  any  odor  that  disturbed  individuals  or 
communities  could  result  in  some  “action”  being 
taken,  the  most  extreme  being  evacuation. 

The  committee  realized  that  any  bad- 
smelling sulphur  release  alters,  temporarily  at 
least,  the  quality  of  life.  The  issue  of  concern  here 
was  whether  any  irreversible  adverse  health  ef- 
fects are  likely  to  occur  as  a result  of  such  an 
exposure.  A review  of  temporary,  reversible 
effects  was  not  included  in  this  report  since  it  was 
felt  that  society  would  perceive  such  effects  as 
much  more  “acceptable”  than  irreversible  ones. 

Since  the  odor  threshold  for  H2S  is  3 or  4 orders 
of  magnitude  lower  than  that  which  may  cause 
irreversible  adverse  health  effects,  the  committee 
divided  the  term  “health”  into  a psychological 
component  consisting  of  both  non-adverse 
(nuisance)  and  adverse  (e.g.  irritability,  depres- 
sion, lethargy)  effects,  and  a biological  compo- 
nent, also  consisting  of  adverse  and  non-adverse 
effects.  This  can  be  summarized  as  follows: 


percent  H2S  = 10,000ppm 
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C.  Effect 

According  to  the  Concise  Oxford  Dictionary, 
an  “effect”  is  a “result  or  consequence”  (Fowler 
and  Fowler,  1964).  A “health  effect”  therefore, 
refers  to  a certain  health  consequence.  Bernard 
and  Lauwerys  (1986)  take  this  one  step  further  by 
defining  a hiolomcal  effect  as  a “biochemical, 
functional  or  structural  change  resulting  from 
the  reaction  of  an  organism  to  the  exposure.”  Such 
a change  is  considered  nan-adverse  if  it  does  not 
involve  an  impairment  of  functional  capacity,  a 
decreased  ability  to  compensate  for  an  additional 
stress,  a decreased  ability  to  maintain  homeosta- 
sis, or  an  enhanced  susceptibility  to  other  envi- 
ronmental influences.  It  follows  then  that  an 
adverse  biological  effect  is  the  result  of  a negative 
impact  on  the  foregoing  criteria.  However,  ad- 
verse biological  effects  can  be  reversible,  as  in  the 
case  of  the  return  to  normal  vision  following 
blurred  vision  or  eye  irritation,  or  decreased 
coughing  following  removal  of  a throat  irritant. 
These  effects  may  also  be  irreversible,  as  in  the 
case  of  irreparable  tissue  damage  (e.g.  emphy- 
sema induced  by  excessive  cigarette  smoking). 
From  the  previous  diagram,  it  can  be  seen  that 
these  terms  may  also  apply  to  adverse 
psychological  health  effects,  so  it  is  very  impor- 
tant to  distinguish  between  adverse  biological  and 
adverse  psychological  effects  of  H2S  on  people. 

D.  Susceptibility/ 
Hypersusceptibility, 
Sensitivity/ 
Hypersensitivity 

One  of  the  committee’s  terms  of  reference  was 
to  clarify  the  issue  of  H2S  effects  on  individuals 
who  might  be  considered  to  have  a higher  degree 
of  “sensitivity”  to  H2S  at  low  levels  than  other 


members  of  the  population.  In  order  to  do  this,  it 
was  first  important  to  define  what  was  meant  by 
“sensitivity.”  Bernard  and  Lauwerys  (1986)  pro- 
posed a definition  which  mentioned  “enhanced 
susceptibility”  as  a key  criterion  of  an  adverse 
biological  effect.  This  terminology  creates  some 
difficulty  since  the  term  “sensitivity”  is  used 
synonymously  and  interchangeably  with  the 
term  “susceptibility”  and  pervades  both  the  scien- 
tific literature  and  existing  documentation  in 
Alberta.  In  1982  a symposium  was  held  in  the 
United  States  to  attempt  a definition  of  the  so- 
called  “sensitive”  individual  (Baier,  1982).  The 
basis  for  holding  the  symposium  was  the  recogni- 
tion of  the  inherent  biological  variability  in  the 
response  of  a human  population  to  the  same  dose  of 
a chemical.  Some  of  the  reasons  for  this  lie  in 
variations  in  lifestyle,  current  and  past  expo- 
sures, current  health  status,  and  genetic  suscepti- 
bility. Although  the  terms  “susceptibility”  and 
“sensitivity”  are  used  interchangeably,  there  are 
subtle  and  important  distinctions  between  them. 
According  to  Buffler  (1982),  a “sensitive  individ- 
ual” is  one  who  responds  readily  and  intensely  to 
an  exposure,  whereas  a “susceptible  individual” 
refers  to  “one  who  has  the  capacity  or  disposition  to 
develop  disease  or  be  physically  affected.”  The 
increase  in  sensitivity  and  susceptibility  is  often 
indicated  by  the  prefix  “hyper,”  which  implies  that 
responses  of  these  individuals  is  quantitatively  or 
qualitatively  greater  than  a “normal”  individ- 
ual. 

According  to  the  Merriam-Webster  dictio- 
nary, the  definition  of  “susceptible”  is  “having 
such  a constitution  or  temperament  as  to  be  open, 
subject  or  unresistant  to  some  stimulus,  influence 
or  agency;  having  little  resistance  to  a specific 
infectious  disease;  predisposed  to  develop  a 
noninfectious  disease;  abnormally  reactive  to 
various  drugs.”  Since,  in  theory,  any  compound 
given  in  a high  enough  dose  will  produce  a toxic 
effect  in  any  given  person,  everyone  is  really 
“susceptible”  to  an  adverse  biological  reaction  to 
any  environmental  agent.  Given  the  comprehen- 
sive definition  above,  use  of  the  term 
“hypersusceptible”  then  seems  superfluous.  For 
this  discussion,  therefore,  the  term  “hvver- 
susceptible”  will  be  reserved  for  persons  whose 
constitution  causes  them  to  be  abnormally 
reactive  to  the  greatest  extreme  (Murray,  1986).  In 
other  words,  their  susceptibility  to  a given  expo- 
sure is  several  orders  of  magnitude  greater  than 
that  of  the  usual  class  of  susceptible  persons. 

Returning  now  to  the  term  “sensitivity,”  toxi- 
cologists often  use  it  to  define  an  immunologic, 
sensitization  reaction  which  is  dose-related,  in- 
volves only  a fraction  of  the  exposed  population. 
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and  requires  pre-exposure  of  an  individual  to 
elicit  the  acute  immune  response  (Klassen  et  al, 
1986).  The  term  '‘hypersensitivity”  will,  therefore, 
be  used  to  refer  to  an  immunologic  reaction  that  is 
several  orders  of  magnitude  greater  than  that  of 
the  non-sensitized  individual. 

Given  these  definitions,  we  might  conclude  by 
stating  that  “All  sensitives  are  susceptible  but  not 
all  susceptibles  are  sensitive." 

E.  Dose-Response 
Relationship 

The  rationale  behind  the  setting  of  specific 
emergency  action  levels  is  based  on  a funda- 
mental toxicological  concept,  the  dose-response 
relationship.  According  to  this  principle,  indi- 
viduals in  a population  may  differ  in  their  re- 
sponse to  an  increasing  dose  of  toxic  substance. 
These  individual  responses  contribute  to  a popu- 
lation dose-response  curve,  on  which  the  percent- 
age of  the  population  responding  with  a given 
effect  is  plotted  against  dose.  Those  who  react  at 
low  doses  are  thus  the  first  to  respond  and 
contribute  to  the  building  of  the  curve.  The  percent 
of  individuals  in  a normal  Gaussian  population 
falling  into  this  category  is  usually  less  than  5 
percent  (i.e.  >2  standard  deviations),  with  the 
hypersusceptibles  and  h3rpersensitives  making  up 
a smaller  proportion  of  this  percentage  (Murray, 
1986;  Ashford,  1986;  Loomis,  1974).  The  so-called 
“normals,”  on  the  other  hand,  would  comprise  95 
percent  of  the  population  (±2  standard  deviations), 
while  at  the  upper  extreme  a small  percentage 
(approximately  2-3  percent)  of  individuals  would 
be  very  resistant  to  the  exposure  or  not  respond  at 
all.  This  is  summarized  in  Figure  1 in  the 
cumulative  frequency  curve. 

Note  that  the  curve  does  not  illustrate  the  exis- 
tence of  a “threshold”  for  an  adverse  response. 
For  most  chemicals,  except  for  carcinogens,  it  is 
generally  accepted  that  a threshold  exists  defin- 
ing the  minimum  dose  necessary  to  exceed  the 
body’s  capacity  to  compensate  for  the  additional 
stress  and  maintain  homeostasis.  For  H2S , 
specifically,  the  threshold  for  adverse  effects  (i.e. 
the  Adverse  Effect  Level  or  AEL)  has  yet  to  be 
determined  for  humans,  although  PACE  (1985) 
reported  that  a Federal  Committee  has  placed  this 
level  at  1.0  ppm.  It  is  important  to  note,  however, 
that  an  individual’s  threshold  can  vary 
considerably  from  that  of  the  population.  The  best 
example  here,  of  course,  would  be  the  hypersus- 
ceptible  individual  who  could  be  expected  to  begin 
responding  in  the  parts  per  billion  range  of  H2S, 
which  is  much  less  than  the  population  threshold. 


Figure  1.  Typical  cumulative  frequency 
response  curve  for  a normal  population 


Another  point  worth  noting  is  that  those  per- 
sons considered  to  be  hypersusceptibles  may  or 
may  not  be  in  a high-risk  group.  A high-risk 
group  by  definition  would  be  a group  of  individu- 
als who  are  inherently  more  likely  to  respond  to  a 
given  level  of  H2S.  Reasons  for  this  might  include 
that  they  may  have  been  exposed  previously,  or 
have  an  existing  or  prior  disease  (e.g.  cystic 
fibrosis),  or  may  have  an  immature  or 
compromised  physiological  status  (e.g.  very 
young  or  old),  or  have  a variety  of  other 
characteristics,  including  hypersensitivity.  The 
underlying  causes  of  variability  in  susceptibility 
and  variability  of  high-risk  status  are  complex. 
Compounding  this  complexity  is  the  fact  that 
susceptibility  is  not  static.  Numerous  factors  (e.g. 
age,  nutritional,  hormonal  and  immunologic 
status)  can  shift  a previously  normal  individual 
into  the  hypersusceptible  or  high-risk  categories 
or  vice  versa  (Ashford,  1986).  This  is  important  in 
the  present  exercise  since  it  means  that  one  must 
determine  clearly  from  the  outset  what  segment  of 
the  population  specific  action  levels  are  meant  to 
protect,  that  is,  high-risk  groups  only, 
hypersusceptibles  only,  a combination  of  the  two, 
or  the  entire  population.  The  greatest  difficulty 
from  a practical  standpoint  will  be  in  the 
identification  of  individuals  in  each  of  these 
groups,  particularly  the  hypersusceptibles  because 
we  do  not  know  all  the  factors  that  might  make 
individuals  hypersusceptible  to  H2S. 

One  final  aspect  that  deserves  attention  when 
discussing  dose-response  relationships  is  the 
assumptions  upon  which  the  relationship  rests. 
They  are  as  follows: 

1 . The  response  is  related  to  the  concentration  of 
the  toxic  agent  at  the  receptor  site. 
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2.  The  concentration  of  the  toxic  agent  at  the 
receptor  site  is  related  to  dose. 

3.  Response  and  dose  are  causally  related. 

With  respect  to  the  last  point,  a series  of  crite- 
ria should  be  fulfilled  to  establish  a causal  rela- 
tionship in  a population.  According  to  Murray 
(1986),  these  include: 

1.  A strong  association  between  the  environ- 
mental agent  and  specific  health  effect  should 
be  clearly  established. 

2.  When  the  environmental  agent  is  removed, 
the  effect  should  diminish  or  completely 
disappear. 

3.  The  association  should  be  demonstrable  by 
more  than  one  investigator  (i.e.  repro- 
ducible). 

4.  The  effect  observed  should  be  biologically 
plausible. 

5.  The  temporal  (time-related)  sequence  of  the 
exposure  and  abnormal  effect  should  be  clear 
and  unambiguous. 

6.  Animal  experiments,  if  there  are  any,  should 
be  consistent  with  the  cause  and  effect  in 
humans. 

7.  The  result  of  exposure  of  susceptible 
individuals  to  the  environmental  agent 
should  be  specific  (i.e.  unique  in  quality  or 
quantity). 

8.  A biological  gradient  should  exist  between 
exposure  and  effect. 

F.  Homeostasis 

Bernard  and  Lauwerys’  (1986)  definition 
mentions  decreased  ability  to  maintain  home- 
ostasis as  another  key  criterion  of  an  adverse 
biological  effect.  What  is  meant  by  the  term 
“homeostasis"?  Wood  (1978)  defines  homeostasis 
as  the  “tendency  for  an  animal  to  maintain  itself 
in  a given  condition,  or  steady  state.”  Most  ani- 
mals possess  a number  of  homeostatic  mecha- 
nisms designed  to  keep  their  internal  environ- 
ments constant,  among  them  energy  release  and 
utilization,  osmotic  and  ionic  regulation, 
temperature  regulation,  excretion,  et  cetera. 
Briefly,  most  physiological  mechanisms  have  a 
certain  range  (i.e.  the  “normal  range")  in  which 
they  can  operate  without  adversely  affecting  the 
animal.  Homeostatic  mechanisms  merely  regu- 
late internal  events  (e.g.  metabolism)  to  main- 
tain the  internal  environment  in  the  normal 
range.  If  this  range  is  exceeded  this  does  not 
automatically  mean  that  the  animal  cannot 
continue  to  function  normally  since  each  animal 


or  organ  has  a “reserve  functional  capacity”  to 
maintain  normal  function  without  significant 
cost.  An  example  of  this  is  the  fact  that  humans 
can  still  function  normally  with  only  one  kidney, 
or  part  of  a lung  or  liver.  This  is  best  illustrated 
as  the  zone  of  “compensation”  in  Figure  2. 

G.  Multifactor  Relation- 
ships in  the  Etiology 
of  Disease 

Hatch  (1963)  summarized  the  multifactor 
relationships  in  the  etiology  of  disease  in  the 
following  diagram. 

Figure  2.  Multifactor  relationships  in  the 
etiology  of  disease. 
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Impairment  Increases;  . . . With  aging 

...  As  residual  of  illness 
. . . From  excessive 
environmental  stress 

Note  that  the  zones  of  normal  adjustment  and 
compensation  will  permit  normal  function  to  be 
maintained  without  significant  cost.  Also  note 
that  the  body  is  equipped  with  repair  systems  so 
that  even  as  point  B (the  threshold  for  breakdown 
and  disturbed  function)  is  exceeded,  these  sys- 
tems will  operate  to  bring  function  back  into  the 
normal  range.  However,  if  an  excessive  envi- 
ronmental stress  continues,  then  permanent  dis- 
ability (e.g.  irreversible  tissue  damage)  may 
result.  If  this  progresses,  disease  may  be  the 
result,  and  finally,  if  left  unchecked,  death  can 
occur. 

The  foregoing  figure  is  important  in  the 
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setting  of  any  numerical  action  level  because  it 
demonstrates  the  multifactoral  basis  for  the  de- 
velopment of  disease.  The  principles  underlying 
the  curve  are,  in  fact,  perhaps  the  most  misunder- 
stood by  the  general  population  who  are  suddenly 
faced  with  an  uncontrolled  release  of  H2S.  During 
the  ensuing  increase  in  anxiety  over  such  an 
event,  communicators  with  the  public  have  failed 
to  transmit  clearly  that  exposure  to  a low  concen- 
tration of  H2S  does  not  automatically  put  individ- 
uals in  the  permanent  disability  or  disease  region 
of  the  curve.  This  is  particularly  true  for  H2S 
because  it  is  rapidly  oxidized  in  the  blood 
(Haggard,  1921),  so  the  dose  encountered  by  the 
target  organ  will  probably  be  several  orders  of 
magnitude  less  than  the  ambient  concentration  of 
H2S.  Thus,  a period  of  normal  adjustment  or 
compensation  will  typically  occur.  This,  of 
course,  is  not  an  atypical  response  of  the  body 
following  exposure  to  environmental  agents.  It 
occurs  routinely  every  day  as  our  bodies  respond 
to  the  chemicals  comprising  our  food,  the  air  we 
breathe,  or  the  water  we  drink.  Even  if  the  level  of 
“disturbed  function”  is  reached,  physiologic 
processes  will  tend  to  return  to  normal  when 
exposure  is  ended.  Thus,  the  biological 
significance  of  the  alteration  in  the  serum 
activity  of  a given  enzyme,  for  example,  should 
not  be  seen  as  a significant  health  risk  to  the 
individual.  However,  there  would  be  cause  for 
concern  if  this  abnormal  activity  level  did  not 
return  to  normal  when  exposure  ended,  since  this 
would  indicate  organ  malfunction. 

The  form  of  the  curve  in  Figure  2 may  be 
altered  if  more  than  one  chemical  is  present.  In 
this  case,  effects  may  be  synergistic,  additive, 
potentiative  or  antagonistic. 

H.  Acute  and  Chronic 
Toxicity 

As  previously  stated,  exposure  duration  can 
influence  the  severity  of  response  to  H2S.  Thus, 
prolonged  exposure  to  a low  concentration  of  H2S 
may  produce  the  same  adverse  biological  effect  as 
a larger  dose  over  a shorter  period  of  time.  For 
example,  death  in  humans  can  result  from 
exposure  to  100  ppm  for  8-48  hours  or  1000  ppm  for 
a few  minutes  (NRCC,  1981).  These  exposure  and 
effect  relationships  need  to  be  defined  before  set- 
ting emergency  action  levels. 

According  to  WHMIS  (1985),  a ‘^chronic  ad- 
verse health  effect”  is  one  that  “develops  over  time 
from  a single  exposure,  or  develops  from  pro- 
longed or  repeated  exposure  under  conditions  that 
do  not  produce  the  effect  from  a single  exposure.” 


Berylliosis  is  an  example  of  the  former,  while 
silicosis  is  an  example  of  the  latter  (Robbins  and 
Angell,  1976).  Since  H2S  is  rapidly  detoxified  in 
the  blood  (Haggard,  1921;  Evans,  1967),  instances 
of  the  first  type  of  chronic  adverse  health  effect  are 
rare.  However,  when  repeated  exposure  to  low 
levels  of  H2S  has  occurred,  certain  “chronic” 
effects  have  been  reported.  Included  in  this  cate- 
gory are  neurasthenic  effects  (Ahlborg,  1951; 
IIEQ,  1974),  altered  brain  metabolism 
(Savolainen  et  al,  1980;  Haider  et  al,  1980),  repro- 
ductive effects  (Barilyak  et  al,  1975),  skin  disor- 
ders (Benini  and  Colamussi,  1969),  et  cetera. 

At  the  other  end  of  the  spectrum  is  the  “acute 
adverse  health  effect”  which  may  be  defined  as  the 
effect(s)  produced  as  a result  of  a single  exposure 
(i.e.  less  than  24  hours)  to  a high  concentration  of 
a toxic  agent.  Usually  the  effects  are  produced 
immediately  and  the  severity  of  the  effect  is 
intense.  For  H2S,  acute  toxicity  results  from  a 
single  exposure  to  a massive  concentration  (e.g. 
>700  ppm)  of  H2S.  This  produces  systemic  poison- 
ing, characterized  by  rapid  onset  and  predomi- 
nance of  signs  and  symptoms  of  nervous  system 
involvement,  e.g.  convulsions,  respiratory 
paralysis,  unconsciousness  (NRG,  1979). 

In  “subacute  H2S  intoxication,”  on  the  other 
hand,  “signs  and  symptoms  of  eye  and  respira- 
tory tract  irritation  prevail”  (NRG,  1979).  Al- 
though subacute  symptoms  can  follow  a single 
brief  but  intense  exposure,  subacute  effects  are 
more  often  related  to  exposures  of  several  minutes 
to  hours.  For  example,  50  to  100  ppm  H2S  produces 
eye  irritation  within  several  minutes  and  respi- 
ratory tract  irritation  in  30  minutes  (Milby,  1962). 

The  primary  concern  here  is  with  irreversible 
adverse  biological  effects  produced  by  H2S  expo- 
sures between  0 and  100  ppm,  with  particular 
emphasis  on  the  0 to  20  ppm  range.  Note  that  while 
response  to  the  odor  of  H2S  will  also  occur  in  this 
range,  the  committee  considers  this  to  be  largely  a 
nuisance  reaction  (i.e.  a non-adverse 
psychological  response),  especially  at  concentra- 
tions below  1.0  ppm.  As  such,  the  health  risk  to 
humans  should  be  correspondingly  low.  How- 
ever, hypersusceptible  individuals  may  respond 
acutely  to  a concentration  of  H2S  which  in 
“normal”  individuals  would  not  produce  clinical 
signs  or  symptoms. 

I.  Epidemiology 

Most  scientific  literature  concerning  the 
health  effects  of  H2S  covers  toxicologic  studies  of 
H2S  on  animals.  Documented  human  exposure 
experiences  are,  with  few  exceptions,  about  acute 
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exposure  to  high  concentrations  and  usually  in- 
volve fewer  than  five  people.  Reports  of  larger 
numbers  of  humans  exposed  to  low  levels  of  H2S 
are  mainly  anecdotal  even  though  they  have  the 
tone  of  an  epidemiologic  study.  As  well,  those 
anecdotal  reports  are  about  short  term  effects  like 
dry  eyes,  nausea,  and  sore  throats.  Long  term 
effects  from  low  level  exposure  could  be  studied  in 
detail  at  natural  geothermal  sites  which  have 
high  concentrations  of  H2S,  like  the  city  of 
Rotorua,  New  Zealand.  Unfortunately,  epidemio- 
logic studies  have  not  been  conducted  to  investi- 
gate possible  beneficial  or  harmful  effects  of 
living  in  such  an  environment,  even  though  the 
residents  perceive  the  geographic  setting  as 
healthful,  as  is  evident  by  the  presence  of  the  State 
Arthritis  Hospital  and  several  holistic  health 
offices  in  Rotorura. 

In  the  absence  of  low  level  epidemiologic 
studies,  human  health  effects  must  be  estimated 
from  animal  toxicology  and  the  health  records  of 
survivors  of  high  concentration  exposure. 
Extrapolation  of  animal  data  to  estimate  human 
health  effects  is  one  of  the  most  controversial 
aspects  of  risk  assessment,  particularly  when  the 
requirement  is  to  protect  human  health  at  low 
concentrations.  Although  animal  toxicology  data 
is  precise  in  comparison  to  what  might  be 
available  from  human  epidemiologic  studies,  the 
data  can  seldom  provide  the  same  amount  of  valid 
information  as  epidemiology. 

The  cornerstone  of  epidemiology  is  the 
identification  of  unusual  occurrences  of  disease. 
Yet  the  population  studied  is  composed  of  individ- 
uals who  may  be  genetically  different,  eat  differ- 
ent foods,  perform  different  jobs,  and  live  in 
different  conditions,  all  of  which  produce  a 
variety  of  environmental  exposures.  There  are 
additional  confounding  factors,  like  smoking, 
which  may  affect  the  incidence  of  a disease  in  a 
population  in  different  ways.  For  example, 
Japanese  men  smoke  as  much  as  North  Ameri- 
can men,  yet  they  have  a much  lower  incidence  of 
heart  disease.  Is  this  due  to  a genetic  difference  or 
to  dietary  differences  between  the  two  groups? 

Epidemiologic  studies  of  environmental  fac- 
tors and  health  are  limited  by  the  lack  of  good 
early  markers  for  disease.  Developments  in  the 
biosciences  will  improve  this  situation  and  con- 
tribute to  more  valid  data  with  which  to  study  the 
health  of  a population. 

Cause  and  effect  are  rarely  identified  by  epi- 
demiologic studies.  More  common  is  an 
association  between  an  exposure  to  an  agent  and  a 
disease.  Heart  disease,  for  example,  is  associated 
with  a high  animal  fat  diet,  yet  animal  fat  is  only 
one  of  several  factors  contributing  to  the 


development  of  heart  disease. 

One  of  the  main  contributions  from  epide- 
miologic studies  of  environmental  factors  is  the 
reassurance  for  the  public  that  there  is  no  excess  of 
disease.  Large  studies  of  VDT  operators  and 
pregnancy  have  been  reassuring  about  the  safety 
of  this  type  of  work  for  pregnant  women.  At  times 
the  public  is  not  convinced,  regardless  of  the 
scientific  findings.  The  Love  Canal  studies,  for 
example,  were  conducted  with  a large  amount  of 
data  about  very  toxic  chemicals  to  which  the 
population  could  have  been  exposed.  The  lack  of 
evidence  of  adverse  human  health  effects  has  not 
reassured  many  residents  of  the  area.  Some 
scientists  use  this  example  to  illustrate  the 
limitations  of  epidemiology.  Based  upon  their 
knowledge  of  the  effects  of  the  chemicals  on 
animals,  they  feel  that  there  must  have  been 
human  health  effects  but  that  the  studies  failed  to 
detect  them.  Other  scientists  interpret  the  same 
information  as  evidence  that  our  perceptions 
about  the  human  health  effects  of  environmental 
agents  are  the  result  of  an  histrionic  press  and  not 
reality. 

The  implications  for  this  report  are  that  effects 
on  human  health  of  low  concentrations  of  H2S  can 
only  be  estimated  at  present.  Until  large  epide- 
miologic studies  are  conducted  with  a valid 
estimate  of  H2S  exposure,  we  must  extrapolate 
from: 

1.  Animal  toxicology. 

2.  Acute  high  concentration  human  exposures. 

3.  Anecdotal  reports  like  those  from  Rotorura 

and  the  Lodgepole  blowout. 
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III.  Review  of  Critical  Studies  on  H2S 


The  terms  of  reference  for  the  committee  were 
to  assess  the  scientific  evidence  for  adverse 
effects  of  H2S  on  humans  in  the  0 to  100  ppm  range, 
with  special  emphasis  on  the  0 to  20  ppm  range. 
Given  the  time  and  resource  constraints  for  the 
project  and  the  extensive  body  of  literature  on  H2S, 
an  attempt  was  made  to  select  only  critical  studies 
for  review.  Studies  were  selected  on  the  basis  of 
the  following  criteria: 

1 . Human  data  was  preferable  to  animal  data. 

2.  Severity  of  adverse  biological  effects  (e.g. 
untreatable  lung  cancer  is  more  severe  than 
irritant  dermatitis). 

3.  Quality  of  ambient  monitoring  data. 

4.  Existence  of  a dose-response  relationship. 

5.  Reproducibility  of  the  effect. 

6.  Design  of  the  study  (e.g.  controlled  study 
better  than  ad  hoc  survey  or  anecdotal 
information). 

7.  Biological  plausibility  of  the  effect  following 
exposure  to  H2S. 

8.  Temporal  sequence  of  exposure  and  effect 
should  be  clear  and  unambiguous. 

9.  Similarity  of  exposure  conditions  to  potential 
conditions  arising  from  uncontrolled  sour 
gas  release. 

One  point  is  v/orth  noting  in  relation  to  the  use 
of  animal  data  and  its  extrapolation  to  humans. 
Early  workers  studying  the  effects  of  H2S  on 
animals  (Mitchell  and  Yant,  1925;  Haggard, 
1925;  Sayers  et  al,  1923)  noticed  that  the  effects 
were  the  same  as  those  observed  in  humans 
(Lehman,  1892).  The  NRC  (1979)  summarized 
data  derived  from  Sayers  et  al  (1923)  to  illustrate 
this  point  in  Table  1. 

On  the  basis  of  this  data,  NRC  (1979)  con- 
cluded that  animals  in  general  respond  simi- 
larly to  humans  to  equivalent  concentrations  of 
H2S,  perhaps  even  down  to  the  level  of  insects.  For 
the  purposes  of  this  exercise,  therefore,  when  ani- 
mal data  has  been  used,  a 1:1  correlation  between 
animals  and  humans  has  been  assumed  at  high 
concentrations  unless  data  exists  to  the  contrary. 

In  order  to  identify  hypersusceptible  individ- 
uals or  potential  high-risk  groups,  the  committee 
has  reviewed  the  effects  of  H2S  on  a system  by 
system  basis. 


TABLE  1.  CONCENTRATIONS  OF  H2S  RESULTING  IN 
SUBACUTE  OR  ACUTE  INTOXICATION  SYNDROMES  IN 
VARIOUS  SPECIES 


Species 

Subacute 
Syndrome 
(Concentration 
of  H2S  in  ppm) 

Acute 
Syndrome 
(Concentration 
of  H2S  in  ppm) 

Canaries 

50-200 

>200 

White  rats 

50-550 

>500 

Dogs 

50-650 

>600 

Guinea  pigs 

100-750 

. >750 

Goats 

100-900 

>900 

Humans 

100-600 

>600-10002 

A.  Eye 

Because  the  moist  mucous  membrane  of  the 
eye  is  exposed  directly  to  the  atmosphere,  it  is  very 
susceptible  to  the  irritant  action  of  H2S.  For 
humans,  concentrations  at  which  eye  effects  occur 
have  been  variously  reported  as  100  ppm  (Deveze, 
1956),  30  ppm  (Yant,  1925;  Barthelemy,  1939), 
20  ppm  (ACGIH,  1984),  15  ppm  (ACGIH,  1984), 
above  10  ppm  (ACGIH,  1984),  10  ppm  or  even  5 ppm 
(Elkins,  1950),  4 to  15  ppm  (Masure,  1963),  0.7  ppm 
(Rubin  and  Arieff,  1945;  Lewey,  1938),  0.088  ppm 
(Kleinfeld  et  al,  1964),  0.02  ppm  (USPHS,  1964), 
0.0009  ppm  (Duan,  1959;  Baikov,  1963),  and 
0.004  ppm  (Loginova,  1957). 

The  current  Alberta  occupational  exposure 
limit  (GEL)  for  H2S  is  10  ppm.  Like  ACGIH,  the 
basis  for  this  OEL  is  primarily  the  greater  inci- 
dence in  irreversible  eye  tissue  damage  at  con- 
centrations >20  ppm  for  several  hours’  exposure. 
For  example,  at  concentrations  greater  than 
50  ppm  for  1 hour,  irritation  and  inflammation  of 
the  conjunctival  and  corneal  tissues  may  occur,  a 
condition  called  “gas  eye”  (Milby,  1962;  Gosselin 
etal,  1976). 

As  acute  conjunctivitis  develops,  characteris- 
tic signs  and  symptoms  include  pain,  mucopuru- 
lent discharge,  tearing,  hyperemia,  retroorbital 
aching,  blepharospasm,  blurred  vision,  photopho- 
bia, and  the  illusion  of  rainbow-like  colors 
around  incandescent  lights  (Beasley,  1963).  As 
this  condition  progresses,  vesiculation  and 
ulceration  of  the  corneal  epithelium  may  result  in 
scar  formation  and  permanent  impairment  of 
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vision  (Mitchell  and  Yant,  1925;  Yant,  1930; 
Gosselin  et  al,  1976). 

At  H2S  concentrations  below  50  ppm,  longer 
exposure  is  required  to  elicit  the  same  effects.  For 
example,  Nordstrom  and  McQuitty  (1975)  con- 
cluded that  permanent  corneal  tissue  damage 
could  be  elicited  in  calves  exposed  to  20  ppm  for  7 
days.  Others  have  reported  inflammation  of  eye 
tissues  (spinner’s  eye)  after  6-7  hours  of  exposure 
to  11  to  21  ppm  H2S  (Elkins,  1939;  Nesswetha, 
1969).  However,  as  pointed  out  in  the  NIOSH 
(1977)  document,  other  stressors  such  as  noise, 
thioformaldehyde,  and  other  irritating  chemicals 
were  present  and  likely  contributed  to  increased 
susceptibility  to  eye  irritation  by  H2S. 

It  is  important  to  note  that  irreversible  eye 
tissue  damage  has  not  been  reported  in  subchronic 
studies  of  mice  and  rats  exposed  to  10  ppm  H2S  (6 
hours/day,  5 day/week  for  90  days  — CUT,  1983). 
However,  other  investigators  have  reported  vari- 
able eye  effects  in  humans  at  H2S  concentrations 
< 10  ppm.  For  example,  decreased  corneal  reflex 
has  been  reported  to  occur  at  0.7  ppm  (Rubin  and 
Arieff,  1945;  Lewey,  1938),  blurred  vision  at 
0.08  ppm  (Kleinfeld  et  al,  1964),  increased  sensi- 
tivity to  light  at  0.008-0.009  ppm  (Duan,  1959; 
Baikov,  1963),  burning  eyes  at  0.02  to  0.03  ppm 
(USPHS,  1964),  and  “vision  problems”  at  0.004  to 
0.21  ppm  (Loginova,  1957). 

The  biological  significance  and  reversibility 
of  these  effects  has  yet  to  be  determined  experi- 
mentally, but  it  appears  that  no  irreversible  ef- 
fects have  occurred  at  H2S  concentrations  of  less 
than  1.0  ppm  (NRG,  1979;  NRCC,  1981;  WHO, 
1981). 

The  presence  of  other  gaseous  pollutants, 
especially  carbon  disulphide  (CSg),  and  humidity 
are  believed  to  increase  the  effect  of  H2S  on  the  eye 
(Barthelemy,  1939;  Masure,  1950).  For  example, 
Barthelemy  noted  that  eye  injury  was  avoided  if 
CS2  and  H2S  concentrations  were  kept  below 
30  ppm  and  20  ppm  respectively.  The  mech- 
anisms by  which  CS2  increases  the  susceptibility 
of  the  eye  to  H2S  is  still  unknown.  It  is  also 
noteworthy  that  finely  atomized  particles  of  H2SO4 
were  present  in  the  workers’  atmosphere  and 
hence  probably  also  contributed  to  the  lowering  of 
the  threshold  at  which  H2S  causes  irritation  of  the 
eyes.  Again,  these  results  need  to  be  explored 
further  experimentally. 

To  conclude,  then,  irreversible  eye  tissue 
damage  can  occur  at  20  ppm  H2S,  but  on  the  basis 
of  animal  data,  not  at  concentrations  <10  ppm. 
Although  several  different  effects  have  been  re- 
ported in  humans  at  concentrations  <1.0  ppm,  it 
appears,  in  the  absence  of  evidence  to  the  contrary, 
that  these  are  reversible.  Increased  susceptibility 


to  H2S  in  the  presence  of  other  vapors,  however, 
should  not  be  ruled  out,  as  might  occur  in  uncon- 
trolled sour  gas  releases. 

B.  Respiratory  System 

Since  the  mucous  membranes  of  the  respira- 
tory system  are  also  exposed  directly  to  the  atmo- 
sphere, they,  too,  are  highly  susceptible  to  the 
irritant  effects  of  H2S  which,  because  of  its 
moderate  solubility  (Haggard,  1925),  can  pene- 
trate to  the  alveolar  level.  Pulmonary  tract  irri- 
tation can  be  a more  serious  reaction  than  eye 
irritation,  since  in  severe  cases  it  can  lead  to 
pulmonary  edema.  If  left  unchecked,  this  could 
result  in  secondary  pulmonary  infections  and, 
ultimately,  death.  At  concentrations  of  >100  ppm, 
respiratory  tract  irritation  occurs  in  humans  in  a 
few  minutes  (Milby,  1962).  However,  at  a concen- 
tration of  50  ppm,  irritation  effects  (e.g.  inflam- 
mation, dryness  of  nose,  throat,  larynx,  and 
bronchi)  take  longer  (i.e.  30  to  60  minutes)  to 
become  manifested  (Mitchell  and  Yant,  1925; 
Ahlborg,  1951;  Milby,  1962).  Prolonged  exposure 
at  this  level  may  result  in  bronchitis,  rhinitis, 
pharyngitis,  laryngitis,  and  pneumonia 
(Haggard,  1925).  Symptoms  associated  with  these 
conditions  include  hoarse  throat,  nasal  secre- 
tions, cough,  and  shortness  of  breath. 

Several  reports  exist  documenting  respiratory 
irritation  in  humans  at  concentrations  in  the  0.02 
to  20  ppm  range  (USPHS,  1964;  Benini  and 
Colamussi,  1969;  Ahlborg,  1951;  Prouza,  1970; 
Lodgepole  Proceedings,  1983;  Bhambhani  et  al, 
1985).  In  general,  data  in  early  studies  is  not 
useful  for  toxicological  interpretation  because  of 
the  inaccuracy  of  the  monitoring  methods  (e.g. 
lead  acetate  paper)  which  probably  under  or 
overestimated  the  actual  concentrations  of  H2S 
significantly.  In  some  cases,  pollutants  other 
than  H2S  alone  are  present  in  the  atmosphere  (e.g. 
hydrocarbons,  SO2),  and  their  influence  on  the 
reported  effects  is  unknown. 

Apart  from  the  foregoing  points,  the  signs  and 
symptoms  reported  are  still  typical  of  respiratory 
effects  observed  at  H2S  levels  above  20  ppm.  The 
exception  to  the  above  is  the  work  recently  com- 
pleted by  Bhambhani  et  al  (1985)  at  the  University 
of  Alberta.  In  these  studies,  normal,  healthy  male 
and  female  subjects  were  exposed  to  0,  2.5,  and 
5.0  ppm  H2S  for  15  minutes  followed  by  an  intense 
exercise  stress  test.  No  significant  cardiac  or 
respiratory  effects,  reversible  or  irreversible, 
were  reported  for  any  subject.  In  fact,  this  also 
appears  to  be  the  case  for  all  episodes  where 
humans  have  been  exposed,  accidentally  or 
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experimentally,  in  the  0 to  20  ppm  range. 

The  general  conclusion  for  humans,  then,  is 
that  irreversible  respiratory  effects  are  unlikely 
to  occur  in  this  range  for  the  average,  healthy 
individual.  This  may  not  be  so  for  high-risk 
individuals  such  as  the  very  young  or  old  or  those 
with  pre-existing  health  conditions  such  as 
emphysema,  tuberculosis,  viral  pneumonia, 
bronchitis,  and  asthma  (IIEQ,  1974).  During  the 
Lodgepole  blowout,  for  example,  a chart  analysis 
revealed  numerous  adverse  responses  in  respi- 
ratory patients  when  the  ambient  outdoor  H2S 
concentration  was  between  0.1  to  0.5  ppm. 
Whether  these  were  irreversible  has  not  been 
determined.  However,  the  validity  of  the  design  of 
this  study  was  questioned  at  the  Lodgepole 
Inquiry. 

In  animals,  most  of  the  evidence  supports  the 
human  data.  For  example,  in  a well-designed 
study,  CUT  (1983)  reported  no  respiratory  effects 
of  H2S  on  mice  and  two  strains  of  rat  at  10  or 
30  ppm.  These  findings  are  generally  supported 
by  other  investigators  (Stolpe  et  al,  1976;  Hays, 
1972;  Curtis  et  al,  1975;  Weedon  et  al,  1940). 

In  a few  instances,  however,  abnormal  effects 
have  been  reported.  Sandage  (1961)  reported  lung 
pathology  in  33  percent  of  a test  group  of  rats 
exposed  to  20  ppm  for  90  days  (continuous  expo- 
sure), as  well  as  abscesses  of  the  lung  and  bron- 
chopneumonia. Changes  in  the  activity  of  several 
lung  cell  enzymes  has  also  been  reported  for  lung 
homogenates  exposed  in  vitro  (Husain,  1976; 
Husain  and  Zaidi,  1977).  Slight  irritation  of  the 
mucous  membranes  of  the  trachea  and  bronchi 
have  also  been  reported  in  rats  exposed  to  10  ppm 
H2S  for  12  hours/day,  5 days/week  for  90  days 
(Duan,  1959).  The  reversibility  of  these  abnormal 
effects  has  not  been  established,  largely  because 
the  experiments  were  not  designed  to  test  for 
recovery  following  H2S  exposure. 

C.  Skin 

At  high  concentrations  of  H2S  (e.g.  100 
percent),  exposure  for  60  minutes  reportedly 
produced  darkening  of  the  skin,  spots,  red 
mottles,  and  skin  rash  (Yant,  1930).  In  the  0 to 
20  ppm  range  very  few  reports  exist.  In  one  report, 
oil  refinery  workers  in  a gas  desulphurization 
plant  were  exposed  continuously  to  H2S  concen- 
trations between  5 and  10  ppm.  They  displayed 
various  chronic  and  relapsing  skin  manifesta- 
tions (Benini  and  Colamussi,  1969).  It  is 
noteworthy,  however,  that  SO2  and  lower  aliphatic 
compounds  were  also  present  and  the  duration  of 
exposure  was  not  established.  More  anecdotal 


information  is  available  from  the  Lodgepole 
blowout,  where  13  out  of  608  (2.1  percent)  com- 
plaints received  on  a government  telephone  com- 
plaint line  reported  skin  irritation  or  allergies 
believed  to  be  caused  by  H2S  in  the  range  of  0.1  to 
0.5  ppm. 

In  conclusion,  the  average,  healthy  individ- 
ual is  unlikely  to  experience  irreversible  skin 
effects  following  an  acute  or  repeated  exposure  to 
H2S  in  the  0 to  20  ppm  range. 

D.  Olfactory  System 

It  is  known  that  high  concentrations  of  H2S 
(>150  ppm)  elicit  paralysis  of  the  olfactory  nerve 
center  and  cause  loss  of  the  sense  of  smell  (Yant, 
1930).  At  concentrations  between  50  and  100  ppm, 
prolonged  exposure  may  also  produce  paralysis 
(NIOSH,  1977).  A similar  effect  has  been  reported 
within  minutes  in  normal  adult  males  exposed  to 
1 to  5 ppm  H2S  (Schulz,  1984).  There  are  anecdotal 
reports  of  decreased  olfactory  function  from  some 
workers  who  have  experienced  several  high 
accidental  exposures  during  their  employment 
(Johnston,  1988).  This  effect  is  reversible  and  is 
not,  therefore,  considered  to  present  a significant 
health  risk  to  an  exposed  population. 

E.  Cardiovascular 
System 

At  high  concentrations  (>700  ppm),  H2S  has 
been  reported  to  cause  transient  changes  in  the 
electrocardiograms  of  acutely  exposed  individu- 
als (Kaipainen,  1955;  Hurwitz  and  Taylor,  1954; 
Kemper,  1966).  In  another  report,  Ahlborg  (1951) 
observed  a decrease  in  blood  pressure  in  a 30-year 
old  male  accidentally  exposed  to  H2S.  All  indi- 
viduals recovered  with  no  recurrent  problems. 
Other  reported  signs  and  symptoms  resulting 
from  exposure  to  high  concentrations  of  H2S 
include  increased  arterial  pressure,  decreased 
heart  rate,  altered  cardiac  rhythm  (Kaipainen, 
1954),  bradycardia,  tachycardia,  weakness  or 
fatigue,  and  fainting  (NIOSH,  1977). 

Below  100  ppm  Kosmider  et  al  (1967)  reported 
cardiac  irregularities  and  decreased  myocardial 
enzyme  activities  in  rabbits  exposed  to  71  ppm  H2S 
0.5  hour/day  for  5 days.  These  abnormalities 
were  reversible  with  recovery  occurring  several 
days  post-exposure.  Hays  (1972)  observed  no  effect 
of  H2S  on  heart  rate  or  blood  pressure  in  goats  or 
cows  exposed  continuously  for  4 days  to  10  and 
50  ppm  (goats)  or  20  ppm  (cows)  for  21  days. 
Similar  results  were  reported  in  the  CUT  (1983) 
study  using  mice  and  rats  exposed  to  10,  30  and 


16 

80  ppm  H2S  6 hours/day,  5 days/week  for  90  days. 

In  humans,  this  finding  was  also  supported  by 
Bhambhani  et  al  (1985),  who  exposed  healthy 
human  subjects  to  2.5  and  5.0  ppm  H2S  for  15 
minutes  and  observed  no  effects  on  blood  pressure 
or  heart  rate.  Below  this  level,  no  cardiovascular 
effects  have  been  reported  either  in  humans  or 
animals.  Thus,  it  appears  that  H2S  presents  no 
significant  cardiovascular  risk  to  healthy  adults 
at  levels  below  20  ppm.  The  USPHS  (1964) 
investigation  of  the  Terre  Haute  incident  sug- 
gests, however,  that  individuals  with  heart  dis- 
ease may  be  in  danger  if  exposed  to  low  concen- 
trations of  H2S.  The  scientific  validity  of  this 
conclusion  still  needs  to  be  established  experi- 
mentally. Furthermore,  the  use  of  accurate  mea- 
sures of  cardiac  toxicity  is  required,  since  heart 
rate  and  blood  pressure  are  imprecise. 

F.  Liver 

The  hepatic  effects  of  H2S  have  received  little 
attention  in  animals  and  humans.  Sava  et  al 
(1980)  reported  decreased  bile  flow  in  rats  injected 
with  40  ug/kg  (30  ppm)  sodium  sulphide.  Weedon 
et  al  (1940)  reported  “pale,  enlarged”  livers  in 
mice  exposed  to  63  ppm  H2S  for  16  hours.  Bulatova 
et  al  (1968)  studied  2,465  high-sulphur  petroleum 
refinery  workers  in  two  different  cities  who  were 
exposed  to  unspecified  concentrations,  with  601 
machine-tool  workers  and  706  railroad  workers 
as  controls.  The  incidence  of  cholecystitis  (gall 
bladder  disease),  cholangitis  (bile  duct  disease), 
and  cholelithiasis  (gallstones)  was  greater  in  the 
oil  refinery  workers. 

No  effects  were  seen  in  mice  and  rats  exposed 
for  90  days  to  10,  30  and  80  ppm  H2S  (CUT,  1983). 
Furthermore,  no  effects  in  humans  have  been 
reported  as  a result  of  short-term  air  pollution 
episodes.  Thus,  it  would  appear  from  the  limited 
animal  data  that  H2S  presents  no  risk  to  humans 
in  the  0 to  20  ppm  range.  In  light  of  inadequate 
monitoring  data,  the  Bulatova  et  al  (1968)  study  is 
of  limited  usefulness  other  than  to  establish  an 
area  that  needs  further  research. 

G.  Kidney 

The  renal  effects  of  H2S  have  also  received 
little  attention,  especially  in  humans.  In  ani- 
mals, Weedon  et  al  (1940)  reported  “pale  kidneys” 
in  mice  exposed  to  63  ppm  H2S  for  16  hours. 
Sandage  (1961)  reported  kidney  pathology  in  6 
percent  of  his  test  animals  exposed  continuously 
to  20  ppm  H2S  for  90  days.  CUT  (1983),  on  the  other 
hand,  reported  no  kidney  lesions  or  abnormal 


clinical  findings  in  mice  and  rats  exposed  for  90 
days  to  10,  30  and  80  ppm  H2S.  Aitbaev  et  al  (1976) 
found  no  changes  in  kidney  succinate  dehydro- 
genase activity  in  rats  exposed  to  7 ppm  H2S  for  6 
hours/day,  5 days/week  for  120  days. 

Again,  it  would  appear  from  this  data  that  H2S 
in  the  0 to  20  ppm  range  presents  little  health  risk 
to  healthy  humans. 

H.  Gastrointestinal 
System 

Some  of  the  most  frequently  reported  gas- 
trointestinal (GI)  symptoms  reported  during 
exposure  to  H2S  include  nausea,  “feeling  sick,” 
diarrhea,  vomiting,  and  stomach  cramps  (pains). 
For  example,  during  the  Lodgepole  blowout  in 
1982,  these  symptoms  accounted  for  55  percent  of 
all  telephone  complaints  received  by  the  Alberta 
Government  from  residents  of  Edmonton.  The 
ambient  concentration  of  H2S  for  several  consec- 
utive days  during  this  episode  ranged  between 
0.01  to  0.50  ppm.  A similar  pattern  of  symptoms 
occurred  during  the  Terre  Haute,  Indiana,  air 
pollution  episode.  Here  H2S  levels  ranged  between 
0.022  to  0.125  ppm  for  7 consecutive  hours  (USPHS, 
1964;NIOSH,  1977). 

In  all  cases  these  symptoms  ceased  following 
cessation  of  exposure  to  H2S.  To  date  there  appear 
to  be  no  irreversible  GI  effects  of  H2S  in  humans, 
particularly  in  the  0 to  20  ppm  range  in  which  we 
are  interested.  The  same  holds  true  in  animals 
where  numerous  repeated  or  chronic  exposures 
have  failed  to  turn  up  any  irreversible  effects 
(CUT,  1983;  Sandage,  1961). 

I.  Immunological 
System 

Very  little  research  has  been  done  to  explore 
the  effects  of  H2S  on  this  system.  Although  there 
are  a few  reports  in  humans  suggesting  some 
form  of  immunologic  reaction  to  H2S,  these  lack 
the  quantitative  data  necessary  to  test  the  causal 
nature  of  this  relationship  (Benini  and  Cola- 
mussi,  1969;  Alberta  Social  Services  and 
Community  Health,  1983). 

J.  Hematopoietic 
System 

The  effects  of  H2S  on  the  hematopoietic  system 
in  humans  has  received  little  attention.  Most  of 
what  is  known  about  the  effects  on  this  system 
must  be  derived  from  animal  studies. 
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Wakatsuki  (1959)  performed  a study  on  rab- 
bits in  which  the  animals  were  exposed  to  100  ppm 
H2S  30  minutes/day  for  4 months.  No  change  in 
the  number  of  erythrocytes  was  noted;  however, 
slight  changes  such  as  oligochromenia,  reticulo- 
cytosis,  leukopenia,  and  relative  lymphocytosis 
were  recorded.  These  quickly  returned  to  normal 
after  exposure  stopped. 

At  lower  concentrations  (7  to  50  ppm),  a num- 
ber of  changes  have  been  reported.  For  example, 
Sandage  (1961)  reported  increased  leukocytes, 
hematocrit,  hemoglobin,  MCV,  MCHb,  and  a 
decreased  number  of  erythrocytes  in  mice  exposed 
to  10  ppm  H2S  for  90  days.  Stolpe  et  al  (1976),  on  the 
other  hand,  noted  no  difference  in  blood  cells  in 
rats  exposed  to  10  ppm  H2S  for  41  days,  while 
Melnichenko  (1968)  observed  a 117  percent  in- 
crease in  the  number  of  erythrocytes  but  no 
hemoglobin  content  change  in  rats  exposed  to 
50  ppm  H2S  (and  300  ppm  CO)  for  4 hours/day  for  6 
months.  Elebekova  et  al  (1976)  reported  somewhat 
similar  findings  of  increased  erythrocytes, 
hemoglobin  content,  and  leukocytes  in  rats  ex- 
posed to  7 ppm  H2S  for  6 hours/day  for  4 months.  In 
addition,  they  noted  increased  eosinophils  and 
neutrophils,  slight  reticulocytosis,  decreased 
monocytes  and  erythrocytes.  All  of  the  above 
studies  are  in  marked  contrast  to  the  subchronic 
study  of  CUT  (1983)  on  mice  and  rats  where 
exposure  to  10,  30  and  80  ppm  H2S  for  90  days 
revealed  no  effects  of  H2S  on  the  hematopoietic 
system. 

In  light  of  these  variable  results,  it  seems  that 
H2S  in  the  concentration  range  0 to  20  ppm  may 
alter,  temporarily  at  least,  some  of  the  blood  con- 
stituents. Although  the  reversibility  of  this  re- 
sponse still  needs  further  research,  it  seems 
unlikely  that  it  would  be  irreversible.  Therefore, 
a significant  health  risk  would  not  appear  likely 
in  the  average,  healthy  adult.  Individuals  with 
severe  anemia  may  constitute  a high-risk  group, 
since  “the  detoxification  of  H2S  relies  on  the  pres- 
ence of  oxygen  in  the  blood  and  the  amount  of 
oxygen  in  the  blood  is  dependent  on  both  the 
amount  of  hemoglobin  in  the  erythrocytes  and  on 
the  number  of  erythrocytes”  (IIEQ,  1974). 

K.  Nervous  System 

H2S  can  produce  either  systemic  or  irritant 
effects  depending  on  the  concentration,  duration 
and  frequency  of  exposure.  In  the  literature, 
numerous  reports  describe  episodes  of  systemic 
poisoning.  These  have  been  reviewed  a number  of 
times  (NIOSH,  1977;  NEC,  1979;  NRCC,  1981; 
Beauchamp  et  al,  1983;  WHO,  1981).  The  thresh- 


old for  systemic  effects  ranges  between  500  to 
700  ppm  (Milby,  1962).  In  these  episodes,  general 
systemic  effects  predominate  over  local  irritant 
effects.  Symptoms  of  acute  systemic  intoxication 
include  sudden  fatigue,  dizziness,  intense  anxi- 
ety, convulsions,  loss  of  olfactory  function,  un- 
consciousness, collapse,  and  respiratory  arrest 
followed  by  cardiac  failure  and  death  (Ahlborg, 
1951;  Mitchell  and  Yant,  1925).  Recovery,  if  it 
occurs,  is  generally  rapid  and  without  sequelae 
(McCabe  and  Clayton,  1952;  Ahlborg,  1951;  Milby, 
1962).  If  sequelae  are  reported,  they  are  generally 
neurasthenic  and  may  include  fatigue,  gastroin- 
testinal disturbance,  anxiety  and  depression,  and 
peripheral  acoustic  neuritis.  For  example,  Poda 
(1966)  reviewed  a number  of  acute  cases  and 
found  a variety  of  symptoms  (e.g.  nervousness, 
dry,  non-productive  cough,  nausea,  headache, 
and  insomnia)  which  lasted  1 to  3 days.  Ahlborg 
(1951),  on  the  other  hand,  in  reviewing  a number 
of  cases  in  the  oil  shale  industry,  found  that 
sequelae  appeared  immediately  or  shortly  after 
the  acute  exposure  and  lasted  approximately  1 to 
1.5  months  (although  in  one  case  some  symptoms 
persisted  for  3 years).  The  patients  exhibited  both 
neurasthenic  symptoms  (fatigue,  drowsiness, 
headache,  lack  of  initiative,  irritability,  anxiety, 
poor  memory,  decreased  libido)  and  otoneur- 
ological  symptoms  (nystagmus,  disturbances  of 
equilibrium).  It  is  noteworthy  that  a consistent 
finding  in  human  and  animal  autopsies  is 
significant  brain  tissue  damage. 

In  contrast  to  acute  H2S  intoxication, 
poisonings  in  the  100  to  500  ppm  range  are 
characterized  by  signs  and  symptoms  of 
irritation  of  mucous  membranes  of  the  eyes  and 
respiratory  tract.  Nervous  system  involvement  in 
subacute  poisonings  is  indicated  through  the 
manifestation  of  symptoms  such  as  headache, 
fatigue,  irritability,  insomnia,  mild  depression, 
and  gastrointestinal  disturbances  (Milby,  1962). 
In  the  sole  inhalation  toxicology  study  to  identify 
behavioral  effects,  Higuchi  (1977)  exposed  rats  to 
100  to  500  ppm  H2S  and  found  that  the  discrimi- 
nated avoidance  response  was  significantly 
inhibited  immediately  after  exposure  to  200  ppm 
H2S.  After  exposures  to  300  to  500  ppm  H2S,  both  the 
discriminated  and  Sidman-type  avoidance 
responses  were  inhibited  at  a rate  and  intensity 
paralleling  the  concentrations.  Extinction  of 
Sidman-type  avoidance  response  was 
significantly  accelerated  only  when  the  animals 
were  exposed  to  concentrations  over  500  ppm  H2S 
(reviewed  by  Vigil,  1979). 

Below  100  ppm,  repeated  exposures  are  usually 
necessary  to  produce  symptoms  indicative  of 
nervous  system  involvement.  The  symptoms 
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associated  with  this  so-called  “chronic  H2S  poi- 
soning” are  generally  neurasthenic  (and  hence 
subjective)  in  nature  and  include  lethargy, 
dizziness,  loss  of  appetite,  fatigue,  headache, 
mental  depression,  irritability,  poor  memory, 
abnormal  peripheral  reflexes,  and  gastrointesti- 
nal disturbances  (Ahlborg,  1951;  Rubin  and 
Arieff,  1945).  Ahlborg,  in  his  study,  cautions 
against  the  over-interpretation  of  his  findings 
since  most  of  the  patients  with  these  symptoms  had 
probably  been  exposed  previously  to  high 
concentrations  of  H2S  or  other  substances.  Hence, 
their  neurasthenic  symptoms  may  have  merely 
been  the  sequelae  of  such  poisonings  rather  than 
symptoms  that  could  be  considered  true  “chronic 
intoxication.”  Furthermore,  although  Ahlborg 
reported  a higher  frequency  of  neurasthenic 
symptoms  in  exposed  versus  unexposed  worker 
groups  at  H2S  concentrations  around  20  ppm,  he 
concluded  that  “it  could  not  be  determined  whether 
this  was  caused  by  exposure  to  H2S  (i.e.  direct 
damage  to  the  central  nervous  system)  or  whether 
such  symptoms  were  manifestations  of  the 
psychic  strain  of  working  in  an  environment 
with  a known  risk  of  H2S  exposure”  (Vigil,  1979). 

Several  animal  studies  have  attempted  to  ex- 
plore the  neurological  effects  of  repeated  exposure 
to  low  concentrations  of  H2S.  Sandage  (1961)  re- 
ported abscesses  in  the  brains  of  mice  exposed  to 
20  ppm  H2S  for  90  days.  Haider  et  al  (1980) 
reported  a decrease  in  phospholipids  and  an 
increase  in  lipid  peroxidation  in  the  cerebral 
hemisphere  and  brain  stem  but  no  changes  in  the 
cerebellum  of  guinea  pigs  exposed  to  20  ppm  H2S 
for  1 hour/day  for  11  days.  Fatigue,  somnolence, 
and  dizziness  were  also  reported. 

Duan  (1959)  reported  changes  in  the  functions 
of  the  central  nervous  system  (motor  chronaxie 
abnormalities)  and  abnormal  cerebral  cortex 
dendrites  in  rats  exposed  to  7 ppm  H2S  12 
hours/day  for  3 months.  Exposures  at  0.01  ppm  for 
the  same  duration  also  produced  slight  motor 
chronaxie  abnormalities.  However,  no 
pathological  findings  were  reported  in  2 rats 
when  sacrificed  and  examined.  No  other  nervous 
system  effects  were  measured  nor  noted. 

In  another  study  conducted  by  CUT  (1983), 
exposure  of  mice  and  rats  to  10,  30,  and  80  ppm  H2S 
6 hours/day,  5 days/week  for  90  days  resulted  in 
no  abnormal  behavior  in  the  animals  or 
pathological  changes  in  nervous  tissue. 

At  the  biochemical  level,  however,  a few  stud- 
ies have  reported  changes  as  a result  of  repeated 
exposure  to  H2S.  Savolainen  et  al  (1980),  for 
example,  reported  increasing  inhibition  of  cere- 
bral cytochrome  oxidase  activity  following  four 
successive  exposures  to  100  ppm  H2S  for  2 hours  at 


4 day  intervals.  This  change  was  also  accompa- 
nied by  reduced  orotic  acid  uptake,  decreased 
cerebral  RNA  synthesis,  reduced  cerebral  glu- 
tathione concentration,  and  decreased  lyosomal 
acid  proteinase  activity.  The  authors  of  this  study 
suggest  that  the  cumulative  nature  of  these  effects 
might  explain  the  increased  headache  frequency, 
increased  fatigue,  and  slow  deterioration  of 
mental  functions  often  reported  in  humans  ex- 
posed repeatedly  to  H2S  (NRC,  1979). 

It  would  appear  that  repeated  exposures  to  H2S 
can  produce  both  pathological  and  biochemical 
changes  in  animal  nervous  tissue.  The  irre- 
versibility of  these  changes  is  supported  by  three 
studies  (Sandage,  1961;  Haider  et  al,  1980;  Duan, 
1959)  at  H2S  concentrations  of  7 and  20  ppm; 
however,  a fourth  and  more  rigorous  study  (CUT, 
1983)  reports  no  permanent  changes  in  nervous 
tissue  structure  or  function.  In  view  of  this  con- 
flicting evidence,  the  possibility  exists  that  re- 
peated exposure  to  H2S  at  levels  between  5 and 
20  ppm  may  cause  irreversible  nervous  tissue 
damage  in  humans.  This  is  something  that  needs 
further  extensive  research. 

For  concentrations  of  H2S  below  5 ppm,  little 
animal  work  has  been  done.  In  humans,  how- 
ever, Loginova  (1957)  reported  that  people  residing 
near  petroleum  centers,  where  exposures  to  H2S 
were  below  0.04  ppm,  complained  of  odor, 
headache,  nausea,  tiredness,  and  other  symp- 
toms. It  was  noted  however,  that  mercaptans, 
sulphides,  disulphides,  and  other  constituents  of 
natural  gas  were  present  and,  therefore,  the  signs 
and  symptoms  may  not  be  solely  attributable  to 
H2S.  Nevertheless,  the  following  dose-response 
relationships  were  developed  by  Loginova: 

0.007  to  0.009  ppm  H2S:  occupants  of  homes  did 
not  complain  of  headaches; 

0.01  to  0.03  ppm  H2S:  occupants  complained  of 
headaches  only  in  response  to  investigator’s 
questions; 

>0.04  ppm  H2S:  occupants  complained  of 
headaches,  general  weakness,  nausea,  lack 
of  endurance,  and  disturbance  of  vision. 

Glebova  (1950)  reported  that  infants  whose 
mothers  worked  in  artificial  silk  factories  — and 
who  were  exposed  repeatedly  to  0.02  to  0.04  ppm 
H2S  via  the  mother’s  clothing  during  breast- 
feeding — showed  retarded  development,  list- 
lessness, anemia,  and  other  symptoms.  CS2  did 
not  appear  to  be  present  during  breast-feeding. 
The  fact  that  the  signs  and  symptoms  disappeared 
when  the  breast-feeding  took  place  away  from  the 
plant  and  after  a change  of  work  clothes  is 
strongly  suggestive  that  H2S  was  the  causal  agent. 
In  1964,  the  U.S.  Public  Health  Service  re- 
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ported  that  in  the  city  of  Terre  Haute,  Indiana, 
biodegradation  of  industrial  wastes  in  a 14.5 
hectares  lagoon  caused  the  atmospheric  concen- 
tration of  H2S  to  reach  a 1 hour  mean  concentra- 
tion of  0.3  ppm.  Levels  ranged  between  0.022  and 
0.125  ppm  for  7 consecutive  hours  in  some  parts  of 
the  city.  Again,  these  levels  were  measured  using 
the  lead  acetate  paper  method  and,  therefore,  the 
actual  levels  of  H2S  may  have  been  considerably 
higher.  During  this  incident,  81  complaints  were 
registered,  41  of  which  were  health-related.  The 
most  common  health  complaints  included  nau- 
sea, loss  of  sleep,  headaches,  and  fainting.  In- 
vestigators stressed  that  the  odors  emanating 
from  the  lagoon  caused  more  than  a mere  nui- 
sance (USPHS,  1964;  NRG,  1979;  WHO,  1981). 

Schieler  (1973)  reported  a correlation  between 
mental  depression  in  Washington  State  and 
chronic  exposure  to  H2S  in  the  0.09  ppm  range. 
The  preliminary  study  used  suicide,  divorce 
rates,  and  psychiatric  admissions  to  hospitals  as 
indicators  of  depression  and  found  that  the 
highest  rates  correlated  with  the  highest  H2S 
distribution  (HEQ,  1974).  This  particular  study 
has  received  little  support,  however,  since 
numerous  other  socioeconomic  factors  or  other  air 
pollutants  may  have  been  involved. 

In  1982,  during  the  Lodgepole  blowout  in 
Alberta,  a total  of  608  health-related  complaints 
were  received  in  Edmonton.  In  descending  order 
of  frequency,  the  symptoms  reported  were 
headache  (15  percent),  nausea  (14  percent),  dizzi- 
ness (1  percent),  insomnia  (1  percent),  tiredness 
(0.8  percent),  and  other  (0.8  percent  — e.g.  numb- 
ness, emotional  disturbance,  tingling  limbs, 
double  vision,  loss  of  sense  of  smell).  The  range 
of  H2S  exposure  during  this  episode  was  from  0.01 
to  0.50  ppm. 

It  appears  that  in  all  of  the  aforementioned 
studies,  the  effects  of  H2S  were  reversible  when 
exposure  ended.  Thus,  repeated  exposure  to  very 
low  levels  of  H2S  (<0.01  to  0.50  ppm)  does  not 
appear  to  produce  any  irreversible,  adverse  bio- 
logical effects.  However,  caution  must  be  exer- 
cised in  the  interpretation  of  this  statement  since 
in  the  absence  of  strong  animal  or  human  data  in 
the  <0.01  to  1.0  ppm  range,  it  is  not  possible  to  rule 
out  the  existence  of  irreversible  nervous  tissue 
effects.  This  question  is  one  that  will  require 
further  experimental  study, 

L.  Psychological  Effects 
ofH2S 

An  important  extension  of  the  question  of  CNS 
effects  of  H2S  is  its  effect(s)  on  human  behavior. 


Approximate  odor  thresholds  for  H2S  have 
ranged  between  0.0005  to  0.36  ppm  (Baikov,  1963; 
Leonardos  et  al,  1969). 

Some  possible  psychological  and 
physiological  effects  of  H2S  have  been  reviewed  by 
Ryazomov  (1962)  and  Kendall  and  Lindvall 
(1971).  Kendall  and  Lindvall  (1971)  reviewed 
evidence  relating  to  the  ability  of  odorous 
substances  to  affect  humans,  either  through 
disease  states,  annoyance  reactions,  social  or 
economic  reactions,  and  other  physiological  or 
psychological  effects  of  unknown  importance. 
They  concluded  that  evidence  to  date  has  not 
demonstrated  an  effect  of  odor  per  se  on  either  the 
cause  or  aggravation  of  disease.  NRG  (1979)  also 
concluded,  “There  is,  however,  no  evidence  that 
the  experience  of  malodor  per  se  produces 
disease,”  but  noted  that  poor  health  may  increase 
the  displeasure  and  thus  frequency  of  complaints 
about  an  odor. 

Odorous  substances  like  H2S  may,  never- 
theless, elicit  a variety  of  physiologic  effects  at 
concentrations  even  below  the  odor  threshold. 
Ryazonov  (1962)  identified  several  odor-caused 
reflexive  responses  besides  the  sensation  of 
smell.  These  include  changes  in  frequency  and 
amplitude  of  breathing,  contraction  of  the  vocal 
cords  and  bronchial  musculature,  change  in 
tonus  of  blood  vessel  walls,  change  in  light 
sensitivity  of  the  dark-adapted  eye,  change  in  the 
functional  state  of  the  cerebrum,  and  change  in 
optical  chronaxie.  The  last  change  involves  the 
time  threshold  necessary  for  the  appearance  of  a 
light  sensation  when  a weak  electrical  current  of 
necessary  intensity  to  produce  stimulation  is 
applied  to  the  eye.  This  latter  effect  indicates  a 
decrease  in  visual  responsiveness.  The 
reversibility  of  these  effects  still  remains  to  be 
established  experimentally. 

Thus,  it  would  appear  that  repeated  exposure  to 
low  levels  of  H2S  may  induce  a variety  of  psycho- 
logical and  neurophysiological  reactions.  The 
psychological  effects  do  not  appear  to  enhance 
disease  in  an  individual,  while  the  significance 
of  biological  changes  reported  by  Ryazonov  (1962) 
remains  ambiguous  at  present. 

M.  Reproductive 
System 

The  reproductive  effects  of  H2S  in  the  0 to 
20  ppm  range  have  received  little  attention.  Some 
eastern  European  literature  claims  that  long- 
term occupational  exposure  to  H2S  may  have 
adverse  effects  on  the  menstrual  and  reproductive 
cycles  in  women  and  the  subsequent  development 
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of  their  children  (Glebova,  1950;  Vasil’eva,  1973; 
Barilyak  and  Vasil’eva,  1974;  Barilyak  et  al, 
1975).  All  of  these  studies  suffer  from  poor 
reporting  of  results  and  more  than  one  substance 
(e.g.  CS2,  a known  reproductive  toxicant)  was 
present  and,  therefore,  the  effects  of  H2S  alone  are 
still  not  known. 

In  their  study  on  the  effects  of  continuous 
exposure  of  rats  to  7 ppm  H2S  (and  10  ppm  CS2), 
Barilyak  et  al  (1975)  reported  a pronounced 
embryolethal  impact  on  females  exposed  before 
and  during  pregnancy,  causing  death  of  embryos 
in  both  the  pre  and  post-implantation  stages  of 
development.  Abnormalities  of  the  genito- 
urinary systems,  disturbance  of  embryonal  blood 
formation  and  the  ossification  process,  and 
severe  changes  in  the  parenchymatous  cells  of 
embryonic  liver  and  kidneys  were  also  reported. 
Again,  the  influence  of  CS2  in  these  responses  is 
unknown  since  no  H2S  -only  group  was  run. 

In  general,  the  effects  of  H2S  on  reproduction 
are  still  ambiguous  and  need  to  be  corroborated  by 
further  studies.  Since  the  blood  rapidly  detoxifies 
H2S,  it  is  unlikely  that  even  the  sensitive  embryo 
would  receive  a sufficient  dose  in  the  0 to  20  ppm 
range  to  cause  adverse  biological  effects.  As  with 
other  systems,  however,  the  degree  of  susceptibil- 
ity of  the  mother  would  be  the  key  factor  in  assess- 
ing health  risk  to  the  developing  embryo  or  fetus. 

N.  Carcinogenicity, 
Mutagenicity, 
Teratogenicity 

Very  little  evidence  exists  in  the  literature 
supporting  any  carcinogenic,  mutagenic,  or  ter- 
atogenic effects  of  H2S  in  animals  or  humans. 


IV.  Discussion 


Based  on  the  previous  analysis  of  the 
scientific  literature,  it  seems  clear  that  some 
individuals  may  be  more  susceptible  to  the  effect 
of  H2S  than  others.  Other  factors  besides  dose  and 
duration  of  exposure  may  in  part  account  for 
hypersusceptibility  of  a small  proportion  of  the 
population  to  H2S  at  low  levels  of  exposure  at  any 
given  time.  These  include: 

a.  mixed  exposure  with  other  chemicals  at  the 
same  time  (e.g.  CS2,  CO,  CO2,  SO2,  O3,  NOx, 
NH3,  mercaptans  or  particulates)  and/or 
recent  exposure  to  chemicals  in  other  settings 
(e.g.  home,  garden,  work). 

b.  pre-exposure  to  medications,  alcohol  and/or 
other  drugs. 

c.  pre-existing  and/or  current  diseases, 
physiological  conditions  (e.g.  nutri- 
tional/hormonal status),  psychological  status, 
and  cardiovascular  impairment. 

While  the  committee  recognizes  that  the 
following  do  not  represent  all  possible  situations 
where  hypersusceptibility  may  exist,  categories  of 
individuals  who  may  be  expected  to  show 
increased  susceptibility  to  H2S  exposure  include: 

a.  individuals  with  eye  or  respiratory  tract 
problems  — local  irritant  effects  of  H2S  could 
aggravate  pre-existing  conditions  (e.g. 
conjunctivitis,  eye  infection,  tuberculosis, 
viral  pneumonia,  asthma,  emphysema, 
bronchitis). 

b.  individuals  with  severe  anemia  — certain 
data  indicate  that  detoxification  of  H2S 
requires  the  presence  of  adequate  levels  of 
oxygen  in  the  blood. 

c.  individuals  with  lowered  resistance  to 
bacterial  infections  (e.g.  immunosuppressed 
patients). 
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V.  Conclusions 


1 . H2S  by  itself  is  a broad  spectrum  toxicant  that 
can  elicit  numerous  psychological  and 
biological  responses  in  the  0 to  20  ppm  range 
with  which  this  review  was  concerned.  As 
with  any  chemical,  all  organ  systems  respond 
variably  to  different  levels  of  H2S  with  no 
given  level  affecting  all  systems  equally  at 
the  same  time  or  rate. 

2.  In  general,  single  or  repeated  exposures  of 
“normal,  healthy  adults”  to  H2S  in  the  0 to 
5 ppm  range  have  not  resulted  in  clinically- 
detectable  irreversible  biological  or  psycho- 
logical effects.  Whether  this  is  true  for 
hypersusceptible  individuals  is  not  currently 
known.  This  areas  needs  further  research. 

3.  Although  reversible  adverse  effects  may  re- 
sult in  temporary  discomfort  or  changes  in 
organ  function,  they  have  not  been  found  to 
have  a lasting  impact  to  date. 

4.  There  are  certain  factors  that  may  increase 
susceptibility  of  humans  to  H2S  for  which  the 
scientific  evidence  is  not  strong.  These 
include  the  use  of  alcohol  (Poda,  1966;  Beck 
and  Donini,  1979);  age,  as  in  the  case  of  the 
very  young,  the  elderly  or  infirmed;  and  pre- 
existing cardiovascular  disease  (USPHS 
1964). 

5.  There  remains  a lack  of  good  scientific  data 
about  the  long-term,  low  level  chronic  effects 
on  community  populations  and  on  the  work 
force  in  sour  gas  operations. 
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Appendix 

The  information  in  these  tables  has  been  extracted  from  the  Final  Task  4 Report 
prepared  by  the  Midwest  Research  Institute  for  the  U.S.  Environmental  Protection  Agency, 
September,  1981.  The  tables  have  been  updated  where  appropriate  and  modified  to  suit  the 
needs  of  this  exercise. 

The  intent  of  including  these  tables  is  to  provide  the  reader  with  an  easily  accessible 
synopsis  of  existing  scientific  data.  For  more  detailed  questions  arising  out  of  this  report, 
it  is  recommended  that  the  reader  refer  to  the  original  scientific  papers. 
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TABLE  2.  SUMMARY  OF  OCCUPATIONAL  AND  EPIDEMIOLOGICAL  EXPOSURES  TO  H2S 


H2S  Level  Exposure 


(mg/m^) 

(ppm) 

Time 

Effects 

Reference 

<28.4 

(20- 

Acute 

Fatigue,  dizziness,  unconsciousness  with  or  without  respiratoryfailure.  Rapid 

Ahiborg 

>825 
{and  low 
concns.  of 
HCN,  SO2, 
CS2, hydro 
carbons) 

600) 

recovery  (0.5  h)  except  for  some  nervous  symptoms  possibly  lasting  up  to  1.5  mo. 

(1951) 

326.6 

(230) 

-20  min. 

Unconsciousness,  cramping,  slow  and  shallow  breathing,  and  low  blood  pressure. 
Fully  recovered  in  6 mo. 

Ahiborg 

(1951) 

40-185 

(29- 

Acute, 

Within  several  hours,  many  signs  of  eye,  nose,  and  throat  irritation.  Wide  variation 

Larsen 

132) 

repeated 

in  individual  responses. 

(1944) 

-142 

(101) 

— 

Within  several  hours,  many  signs  of  eye  irritation.  A wide  variation  in  individual 
response,  light  cases  recovering  in  a few  hours,  and  severe  cases  in  a week. 

Deveze 

(1956) 

13.7- 

36.6 

(10-26) 

Eye  irritation  of  varying  severity,  lasting  from  several  hours  to  days.  Some 
individuals  had  repeated  episodes. 

Kranenburg 

and 

Kessener 

(1925) 

15-35 

(11-25) 

Acute 

Nausea,  weakness,  and  pain  in  the  chest.  Complete  recovery  within  a week,  no 
sequelae. 

Prouza 

(1970) 

28.4 

(often 

exceeded) 

(20) 

Fatigue,  loss  of  appetite,  irritability,  headache,  loss  of  memory,  itching,  and 
irritation  of  the  eyes  and  respiratory  tract. 

Ahiborg 

(1951) 

7.1-14.2 

(and  SO2 

and 

lower 

aliphatic 

compounds) 

(5-10) 

Respiratory,  gastroenteric,  eye,  and  skin  irritation. 

Benin!  and 
Colamussi 
(1969) 

7.1-14.2 
(and  SO2) 

(5-10) 

5-1 5 y 

Dermal  symptoms  suggestive  of  an  allergic-type  response.  Some  lung  damage. 

Benin!  and 
Colamussi 
(1969) 

<14.2 

(<10) 

— 

Weakness,  nausea,  dizziness,  headache,  nervousness,  and  occasional  unconsciousness 

Podal 

(1966) 

0-9.94 

(0-7) 

3d 

Occasional  slight  and  irregular  changes  in  serum  Fe  and  transferring  levels  and  in 
fractions  of  urinary  sulfates. 

Benini  and 
Colamussi 
(1969) 

-0.03- 

(0.02- 

29  d Terre 

Mild  symptoms  of  nausea,  vomiting,  headache,  shortness  of  breath,  burning  eyes, 

U.S.P.H.S. 

-0.43 

(mixture) 

0.30) 

Haute,  Ind. 

respiratory  tract  irritation,  gastro-intestinal  complaints,  and  disturbed  sleep. 

(1964) 

0.005- 

(0.004 

Chronic 

Headache,  weakness,  nausea,  vision  problems,  and  higher  general  morbidity  rates  in 

Loginova 

0.300 
(mixture 
CS2,  SO2) 

-0.21) 

those  households  with  >0.05  mg  H2S/m3. 

(1957) 

0.028- 

(0.02- 

Chronic 

Babies  were  poorly  developed,  underweight,  listless,  anemic,  dyspeptic,  and  more 

Glebova 

0.055 
(mixture 
including 
CS2,  SO2) 

0.04) 

susceptible  to  infectious  diseases. 

(I960) 

Compound(s) 

Concentration(s) 

mg/m^  (ppm)  Population  Group 

Duration Description  Exposed  Controls  Effects Remarks Reference 

H2S  Shale  oil  54  None  Symptoms  included;  a sudden  feeling  of  fatigue,  Descriptive  case  study  of  clinical  findings  following  Ahlborg 
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H2S  Level 
(mg/m3) 

(ppm) 

Exposure 

Effects 

Reference 

0-7 

(0-5.0) 

Acute 

Minor  coughing  and  burning  throats  in  some  subjects  exposed  to  2.5  and  5.0  ppm 
H2S  for  15  minutes.  No  changes  in  blood  chemistry  or  respiratory  parameters. 

Bhambhani 
and  Singh 
(1985) 

0.20- 

0.96 

(0.009- 

0.7) 

Acute 

All  people  in  the  test  group  detected  the  odor. 

Loginova 

(1957) 

0.08- 

0.50 

(0.06- 

0.36) 

Acute 

Range  of  odor  thresholds  within  a group. 

Baikov 

(1963) 

0.27 

(0.19) 

Acute 

Range  of  odor  thresholds  within  a group. 

Williams  et 
al(1977) 

0.15 

(0.11) 

Acute 

Threshold  of  objectionability  (not  odor). 

Tonzetich 
and  Ng 
(1976) 

0.1 

(0.07) 

Acute 

Most  people  in  the  test  group  detected  the  odor. 

Loginova 

(1957) 

0.031- 

0.09 

(0.02- 

0.06) 

Acute 

Some  of  the  people  in  the  test  group  detected  the  odor. 

Loginova 

(1957) 

0.012- 

0.03 

(0.008- 

0.021) 

Acute 

Range  of  odor  thresholds  within  a group. 

Duan 

(1959) 

0.012- 

0.026 

(0.008- 

0.018) 

Acute 

Odor  was  not  detected. 

Loginova 

(1957) 

0.012- 
0.013 
{2  studies) 

(0.008- 

0.009) 

Acute 

Increased  light  sensitivity-related  eye  responses. 

Baikov 

(1963) 

Duan 

(1959) 

0.010- 
0.013 
(2  studies) 

(0.007) 

Acute 

One  study  found  significantly  increased  light  sensitivity-related  eye  responses. 
The  other  study  did  not. 

Duan 

(1959) 

Baikov 

(1963) 

0.005- 

0.009 

(0.004- 

0.006) 

Acute 

Range  of  “calculated”  odor  thresholds  within  several  groups. 

Adams  et  al 
(1968) 

0.008 

(0.006) 

Acute 

No  effect  on  the  ability  of  the  eye  to  adapt  to  darkness. 

Duan 

(1959) 

0.00067 

(0.0005)  Acute 

Lowest  concentration  at  which  all  subjects  recognized  the  odor. 

Leonardos 
etal  (1969) 

40 


-Q  ~ uo 

E ^ CO 
ro  -o  C75 

OQ  ^ ^ 


S 


— n= 

O)  Q. 

0 i_ 
CO  o 
E ^ 

1 ^ 

o 

d X 

o ^ 

crt 

:i:  5 

o ■£ 

i5  3 
o c 
03  o 

«=  O 


c O 

^ O 
c:  O 
^ Q_ 

■«"  CN 

o O 

2 Q- 


e/3 


ra  ^ 
c c 

_0  CD 

eo  a-  >< 


.4-  " 

O = 

(U  CO 


E 


i2  JS 

a'S 

CO  Sd 


9 ^ 

o r-- 
uo 


. ^ CD 

^ E <? 

CO  E O 

E 2 
E <=>  ^ 
<^§1 

OJ  CZ3  c: 

o 

c-i  tS  ^ 


> CO 

9 CD 

~ CD 

JSS 

GO  — " 


E 

o 

Z3 

C\3 

t"E 


E 
o 
o 
o 
00 

._  C« 

■g  cn 

C.  CM 

‘z:  □□ 


03  "S; 

Q.  (\J 
-O  03  i_ 

o o 

s&° 

t:  »_  CD 
CD  o -C 
(=L-0  ^ 

C3  X S? 

.E  CD 

o ^ E 

2 ^ CD 

O > Q. 


fi 

. 03 

CO  ^ 

03 
O)  > 

E o) 


111 

03 


ca  03 
00  t/3  ^ 

E -o  E 

=3  02  5 
W ca  o 
S 03  9 
O.  <— > -3C 


i2 


03 

CO 


8 


>^ 

LO 

LO 

CD 


i2..s  S 

‘^cT 

tii 

o o _ 
O U ~ 


CD 

CD  - 

OJ  CD 
CZ3  CD 

CO  ^ 

CM 


E 

:E 

d 

O 

-O 

o 

*o 

CD 

C3) 

c 

.2 


03 
00 
E 

CO 


03 


O 

■o 

o 


CD  O 

CO  to  = :^ 
<X>  C2.  O S 


■s 

M ^ 

c:  -o  CD 

o c:  T- 

h-  CCS 


g' 

15 

8 

o 


o 

■O 

o 

*o 

o 


c: 

> 

C3) 

O 


>> 

CD 

CO 


43:  CD 

o E 


LO 

c5  ^ 


CO 


CO 

LO 

C^!  CD 

' — 

T 

LO 

CD  T- 

CD 

■r^ 

CD 

co  S 

C/^ 

czi 

ir 

ni^ 

El 

° E 

O)  ^ 


03 

00  r 

CCS  CD 
03  > 

o ^ 

00  ^ 
03  00 

00  O 

E 

o X 


03 


! CO 

E 

03  E 

CCS  O 00 
E o g. 
' 03  X 

^ j:z  03 

> r: 

■55  d 5 

cz  CO  o 
03  XI  = 
00  o 

:E  E 

S’ 1 1 


13 

•a 

03  ^ 
d ^ 

o s 

■il 

LD  O 


■C3  <- 

^ i 

CO  8 


CD  ^ 

CO  T- 

<0  CsJ 
Cp  CZ3 

E*  CO 

■I—  CD  T—  CD 

CD  C3  C3  CD 

CD  CD  CD 


Compound(s)  No.  of  Duration  and  Total 

Concentration(s)  Mode  of  Test  No.  of  Frequency  Length  of 

in  mg/m^  (ppm)  Exposure  Subjects  Controls  of  Exposures Experiment  Effects Reference 

H2S  0.012  Inhalation  3,  Served  5 min.  during  min.  15-20  of  a 180  min.  Statistically  significant  increase  in  light  sensitivity  of  the  Baikov 

(0.009)  18-28y  asown  60-min.  expt.,  repeated  on  3 eye  in  the  40  min.  following  exposure.  (1963) 
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TABLE  6.  SUMMARY  OF  ACTUAL  EXPOSURES  TO  H2S  (pg.  1 Of  2) 


H2S  Level 


(mq/m3) 

(ppm) 

Time 

Species 

Effects 

130-150 

(93- 

7 h/d: 

DOG 

Quiet,  nausea,  coughing,  moderate  conjunctival  irritation,  breathing  difficulties  at  the 

107) 

8wk 

end  of  each  day.  No  significant  blood  changes. 

146.3 

(104) 

48  h 

GPG 

Forced  breathing,  some  death,  slow  recovery  of  survivors. 

142 

(100) 

?/d; 

RBT 

Some  initial  eye  irritation.  Quiet,  exhausted  looking,  slight  decrease  in  respiratory 

15d 

frequency. 

142 

(100) 

30  min/d; 
4 mo 

RBT 

No  change  in  general  condition.  Some  slight  changes  in  blood  parameters. 

142 

(100) 

7d 

RAT 

No  histopathologic  lesions  orclinicopathologic  changes. 

GPG 

71-142 

(50- 

4d 

GOAT 

Increased  rectal  temperature,  decreased  food  and  water  Intake,  and  increased  plasma 

100) 

cortisol  levels.  All  returned  to  normal  by  the  end. 

41.6-142 

(30- 

8-24  h 

MUS 

Hypothermia,  decreased  food  and  water  intake,  weight  loss,  -50%  mortality. 

100) 

Pathological  changes  in  the  major  organs.  Survivors  recovered  their  weight  in  -2  wk. 

50-100 

(35-70) 

5d 

RBT 

No  eye  lesions. 

49.7-92.3 

(35-65) 

16h 

RAT 

Lethargy  and  heavy  breathing  by  the  end.  Extensive  organ  damage  in  the  one  that 
died. 

lOOh 

RAT 

Eye  and  nose  irritation,  rough  hair.  Recovered. 

lOOh 

GPG 

Nose  and  eye  irritation,  rough  hair.  Recovered. 

50 

(35) 

6 h/d; 

RAT 

Decreased  O2  consumption.  Increased  erythrocyte  and  active  neutrophil  content. 

6 mo 

permeability  of  vessels,  and  respiration  in  heart  and  lung  tissue. 

142-42/6 

(10-30) 

?/d; 

RBT 

No  change  in  respiration  rate,  WBC,  RBC,  hemoglobin,  and  autopsy  findings.  Slight 

20  d 

weight  decrease. 

28.4 

(20) 

48  h 

MUS 

Decreased  food  and  water  intake  and  rectal  temperature.  Weight  loss. 

28.4 

(20) 

90  d 

MUS 

Some  mortality,  survivors  showing  brain,  liver,  and  lung  abscesses.  Survivors  lost 
weight,  had  less  endurance,  and  had  instances  of  broncho-pneumonia  and  hepatitis. 

28.4 

(20) 

90  d 

RAT 

24%  mortality,  weight  loss,  lung  pathology,  and  significant  changes  in  many  blood 
parameters. 

28.4 

(20) 

1 h/d 

GPG 

Fatigue,  somnolence,  dizziness,  itching,  and  eye  irritation.  Decreased  lipids  in 

lid 

cerebral  hemisphere  and  brain  stem. 

28.4 

(20) 

90  d 

MKY 

Weight  loss.  Changes  in  many  blood  parameters. 

28.4 

(20) 

21  d 

COW 

No  effect  of  feed  intake,  milk  production,  or  heart  rate.  Slight  lacrimination. 

GPG  = Guinea  pig 
CAN  = Canaiy 
RBT  = Rabbit 
MKY  = Monkey 
MUS  = Mouse 


TABLE  6.  SUMIViARY  OF  ACTUAL  EXPOSURES  TO  H2S  (pg.  2 of  2) 
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H2S  Level 
(mg/m3) 

22.7 

(ppm) 

Time 

Species 

Effects 

(15) 

16h 

16h 

MUS 

RAT 

Slight  restlessness.  Normal  autopsy.  Slight  initial  restlessness. 

14.2 

(10) 

5d 

MUS 

Initial  decrease  in  temperature.  Decreased  food  and  water  intake,  with  some  recovery 
by  the  end. 

14.2 

(10) 

41  d 

RAT 

Also  under  cold  stress,  and  showed  decreased  weight  gain  and  food  utilization.  No 
changes  in  blood  cells,  plasma  protein,  or  weight  of  liver  and  lungs. 

14.2 

(10) 

4d 

GOAT 

Initial  decrease  in  food  and  water  intake. 

14 

(10) 

7 h/d; 
14d 

DOG 

Some  coughing.  Increased  water  consumption  after  each  exposure.  No  change  in  blood 
picture  or  body  weight. 

12.1 

(9) 

17d 

PIG 

NOEL  for  body  weight  gain  and  respiratory  system. 

10 

(7) 

3 h/d; 
3 mo 

RAT 

Weight  gain  retarded.  Changes  in  motor  chronaxie.  Irritation  of  mucous  membranes  of 
trachea  and  bronchi. 

10 

(7) 

6 h/d; 
4 mo 

RAT 

Retarded  weight  gain.  Changes  in  some  blood  parameters  (increased  hemoglobin).  O2 
consumption  decreased  by  the  end.  Changes  in  lung  and  heart  enzyme  activity. 

4.86-9.36 

(4-7) 

6 h/d; 
4 mo 

RAT 

Decreased  liver  glycogen  and  lipid  levels;  blood  sugar,  and  erythrocytes.  Increased 
blood  lipids,  hemoglobin,  and  leukocytes. 

0.02 

(0.01) 

12  h/d; 
3 mo 

RAT 

Changes  in  motor  chronaxie.  No  change  in  weight.  No  pathological  changes  found  in 
sacrificed  animals. 
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Concentration(s)  in  Humidity  and  Mode  of  Strain  Test  No.  of  Frequency  of  Length 

mg/m^  (ppm)  Temperature  Exposure  Age/Weight  Animals  Controls  Exposure  of  Expt.  Effects Reference 
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112(10,30,80)  61-81°F  15  F 15  F 5 d/wk  crustiness  with  ear  tags,  crusty 
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Compound(s)  and  Species  No.  of  Duration  and  Totai 

Concentration(s)  in  Humidity  and  Mode  of  Strain  Test  No.  of  Frequency  of  Length 

mg/m^  (ppm)  Temperature  Exposure  Age/Weight  Animals  Controls  Exposure  of  Expt.  Effects Reference 

H2S  146.3  Not  given  Exposure  Guinea  pigs  2 Not  given  <48  h,  once  — 8-1 8 h:  labored  and  forced  Mitchell  and 

(103)  chamber  breathing.  18-48  h:  death  in  one  Yant 
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TABLE  16.  RABBITS  — REPEATED  DOSE  EXPERIMENTAL  EXPOSURE  TO  H?S 
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oxidoreductase  in  sarcolemma  of 
muscle  fibers  and  vascular 
endothelium. 


Compound(s)  and  Species  No.  of  Duration  and  Total 

Concentration(s)  in  Humidity  and  SVIode  of  Strain  Test  No.  of  Frequency  of  Length 

mg/m^  (ppm)  Temperature  Exposure  Age/Weight  Animals  Controls  Exposure  of  Expt.  Effects  Reference 

H2SI42  Notgiven  Inhalation  Rabbits  4 4 30  min/d  4mo  No  measurable  abnormal  findings  in  Wakatsuki 

(100)  chamber  domestic  avg.  daily,  the  general  condition,  body  weight,  (1959) 
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Compound(s)  and  Species  No.  of  Duration  and  Total 

Concentration(s)  in  Humidity  and  Mode  of  Strain  Test  No.  of  Frequency  of  Length 

mg/m^  (ppm)  Temperature  Exposure  Age/Weight  Animals  Controls  Exposure  of  Expt.  Effects Reference 

H2SI2.I  17-19°C  Inhalation  Pigs  cross-  3 3 17d  — No  effect  on  body  wt.  gain.  No  Curtis  etal 

(8.5)  chamber  bred  13.2  kg  (All  of  the  same  sex,  pathological  changes  in  respiratory  (1975) 
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Compound(s)  and  Species  No.  of  Duration  and  Totai 

Concentration(s)  in  Humidity  and  Mode  of  Strain  Test  No.  of  Frequency  of  Length 

mg/m^  (ppm)  Temperature  Exposure  Age/Weight  Animals  Controls  Exposure  of  Expt.  Effects Reference 

H2S  28.4  50%,  20°C  Inhalation  Cows  3 Seived  as  21  d,  21  d No  effect  on  feed  intake,  milk  Hays 

(100)  through  (lactating),  (m  continuous  production,  or  heart  rate.  Slight  (1972) 
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